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Zilog offers microcomputers 1n 
every form: from components and 
development systems to board-level 
products and complete general- 
purpose microcomputer systems. 
This edition of the Zilog Data Book 
describes Zilog components, 
development systems, and micro- 
computer boards. You'll also find a 
section on the in-depth training 
courses now offered about most 
Zilog products. 

Zilog components, the basic 
building blocks for our other 
microcomputer products, include 


Microcomputers in Every Form 
ae SA IE I ET 


the 8-bit Z80® Microprocessor and 
its family of intelligent peripherals, 
the Z8™ Family of Single-Chip 
Microcomputers, and the 16-bit 
Z8000™ Microprocessor and 1ts 
family of intelligent peripherals. 
Zilog offers a wide variety of 
development environments, rang- 
ing from the inexpensive Z8 and 
Z8000 Development Modules to the 
more elaborate PDS 8000 and 
ZDS-1 Development Systems to the 
ultra-sophisticated multi-user 
Z-LAB 8000 Development System. 
In addition, EMS 8000 and Z-SCAN 


Hl 


8000 both provide in-circuit emula- 
tion for the Z8001 and Z8002 
Microprocessors. 

Our Z80 MCB Board Family 
offers a complete solution for pro- 
totype and production designs in 
which you don’t want to design a 
microcomputer from scratch. This 
well-established family includes a 
Z80 CPU board, several types of 


-memory boards, and boards for all 


types of digital and analog I/O. A 
complete set of card cages, 
enclosures, and other accessories 
makes this family easy to use. 
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Z80 PLZ/SYS Compiler for use with PDS 8000/05 and PDS 8000/15 ... 0... ees 605 
Z80 PLZ/SYS Compiler for use with ZDS-1 Series .. 0... cee ee ete eee ee nees 605 
Z8000 Software Development Package, Cross-Assembler for Z80-Based Hard Disk Systems with 
Optional hiGppy Drives as05 56 oie es eh on Oe aS ee ih Wee ahd Rehe se Wee ee ssa ee 603 
Z8000 Software Development Package, Cross-Assembler for PDS 800/5 ........... 0... eee eee 603 
Z8000 Software Development Package, Cross-Assembler for ZDS-1 Series ...............0005. 603 
Z8 Software Development Package, Cross-Assembler for use with PDS 8000/5 and 
OO Lo teats ees Ns Sarin tena detdade Beane gt Ss the in eases ie Te that Hae ati tet aman ence a 627 
Z8 Software Development Package for use with ZDS-1 Series ... 0.0... cece eee 627 
ZRTS Z8000 Real-Time, Multitasking Software Tools 2.0... 0.0... ccc ccc teen ene 607 
16-Bit, Segmented Central Processing Unit ....... 0... cc tenet eee e nnn ennes 125 
16-Bit, Non-Segmented Central Processing Unit ....... 0.0... e eens 125 
Z8001/3 Z-MMU Memory Management Unit ..... 0.0.0... cee nnn eee ees 155 
Z8000 PMMU Paged Memory Management Unit ........ 0... eee ee eens Let 
Z8000 DTC Direct Memory Access Transfer Controller 20.0.0... 0... eees 173 
Z8000 Z-SCC Serial Communications Controller 0.0.0... 0.00.0 ee etna 175 
Z8000 Z-ASCC Asynchronous Serial Communications Controller .... 0... 0. cece es 197 


*Trademark of Bell Laboratories. 
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Part Number 


Z8036 
Z8038 
Z8060 
Z8065 
Z8068 
Z8070 
Z8090 
Z8091/3 
Z8092/4 
Z8300 
Z8400 
Z8410 
Z8420 
28430 
28440 
2844] 
28442 
Z8470 
Z8530* 
Z8531 
28536 
2858 1 
Z8590 
Z859 1 
Z8592 
Z8593 
Z8594 
Z8601 
Z8602 
Z8603 
Z861 1 
Z8612 
Z8613 
Z8671 
Z868 1 


Description 
Z8000 Z-CIO Counter/Timer and Parallel I/O Unit .. 0.0.0.0... ccc eee eens 217 
28000 Z-HO FIFO Unpat Output Interiace Unit’. 2043.64 buck cco g Bos Cio G4 EAU e enh 241 
Z8000: FIFO Butter Unitand:Z-FIO Expandér a 22c-449 si db wnew Hodes osewens uhbsaweksteavewes 273 
Z5000-7-BEP Burst: Error Processor: « 5.4-06-axvar heirs BP She Dew OLN eww bam BSnied epee ieetreateds 281 
Z8000:Z-DCP Data: Ciphering Processor an. oi 'agh bois tbh d ane wai dao es oe ae daw oun wacehas 295 
ZO000 Ploating. - Olt WMI Gus de o55.c8 25 Od asl VA ine eee ae Ate eS Ete Roe a banat nee 311 
Z8000 Z-UPC Universal Peripheral Controller 2.0.0.0... ce eee eee ees 313 
Z8000 Z-UPC Universal Peripheral Controller, External ROM-Based ................000.0 00 ee 313 
Z8000 Z-UPC Universal Peripheral Controller, External RAM-Based ........ 0.0.00... e eee eee 313 
Z80L CPU Low-Power Z80 Central Processing Unit ....... 0.0.00. ccc eee 20 
Z80' CPU. Z60 Central Processing: UMil.< da vinta ds baat ee ead eee b40ed bo Wine deiteatemacwd 5 
Z80 DMA Dual Port, Direct Memory Access Controller ... 0.0.0... ccc eee ees 49 
Z80 PIO Dual. Port, Parallel Inpat/Ouiput Controller sido: senicescaseg.a eae tetas Seda ee eewa aes 67 
ZOU. Pour Channel © outer Fimer Circuit is assu t08 aie eainciee bh wae dee Woke a ed ae 81 
Z80 SIO/O Dual Channel Synchronous/Asynchronous Serial I/O Controller ...............004. 93 
Z80 SIO/1 Dual Channel Synchronous/Asynchronous Serial I/O Controller .................0. 93 
Z80 SIO/2 Dual Channel Synchronous/Asynchronous Serial I/O Controller ..............0000. 93 
Z80 DART Dual Channel Asynchronous Serial I/O Controller 2.0.0... 0... ccc ees 109 
DCC perial Communications Controller: 2.6.2 gates icc Sarn eg Rad wake laud bwaid pees wale Seiad ee ae Rew 337 
ASCC Asynchronous Serial Communications Controller ...... 0.0... ccc ccc cece teen teens 359 
Cl1O-Counter/Thimer and Parallel 1//O"Umib os dentntes ehh oos eebe aon eee a eRe et ayade wed 379 
Clock Generalorand: Controller iu wdc8 Ws oa ad ecw criek, ede whee oe ea hn Shakur en oben 403 
UPC Universal Peripheral Controllers. .2 20.0% e402 die ho eae ew panied ou eases Bae dete Shae 407 
UPC Universal Peripheral Controller with External ROM ............. 0.0 eens 407 
UPC Universal Peripheral Controller with External RAM ......... 0.00.0. c ccc eee ees 407 
UPC Universal Peripheral Controller with External ROM, Protopack ............ 00.0. cee aes 407 
UPC Universal Peripheral Controller with External RAM, Protopack ......... 2... 00. cece eae 407 
Z8 8-Bit, Single-Chip Microcomputer with 2K ROM ...... 0.0.0... 0c ccc eee nes 43] 
Z8 8-Bit Microcomputer with Memory Interface, 64-Pin, 2K External ROM .................... 43] 
Z8 Prototyping Device with EPROM Interface, Protopack, 2K External ROM ................... 43] 
Z8 8-Bit, Single-Chip Microcomputer with 4K ROM ........ 0.0.0... ccc eee eee 449 
Z8 8-Bit Microcomputer with Memory Interface, 64-Pin, 4K External ROM ................005. 449 
Z8 Prototyping Device with EPROM Interface, Protopack, 4K External ROM ................0.. 449 
Z8:8-Bit, Single-Chip BASIC/Debug Interpreter sos ecs hora ee ew Foe ea ee se Dee a ea 467 
Z8 8-Bit, Single-Chip Microcomputer with No On-Chip ROM ....... 0.0.0... eee 469 


*All 85XX components are compatible with processors other than Zilog’s Z8001, 28002, Z8003, 
and Z8004 For further information refer to the individual product specifications 
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Zilog Z80° Family 


Sets the Industry 
Standard for 8 Bits 


June 1982 


Zilog remains an industry leader, 
thanks to continuing innovation in 
microcomputer concepts and inte- 
grated design as exemplified in the 
Z80 Family microcomputer 
products. 

At Zilog, innovation means using 
proven, sophisticated mainframe 
and minicomputer concepts and 
translating them into the latest LSI 
technologies. Integration means 
more than designing an ever- 
greater number of functions onto 
a single chip. Zilog integrates 
technologies—LSI design 
enhanced by advances in 
computer-based system archi- 
tecture and system design 
technologies. 

Zilog offers microprocessor 
solutions to computing problems: 
from components and development 
systems to OEM board-level pro- 
ducts and general-purpose 
microcomputer systems. 

This guide to the Z80 Family of 
state-of-the-art microprocessors 
and intelligent peripheral con- 
trollers demonstrates Zilog’s con- 
tinued support for the Z80 
microprocessor and the other 
members of the Z80 product 
family—a famuly first introduced in 
1976 that continues to enjoy grow- 
ing customer support while family 
chips are upgraded to newer and 
ever-higher standards. 

The Z8400 Z80 CPU Central Pro- 
cessing Unit rapidly established 
itself as the most sophisticated, 
most powerful, and most versatile 
8-bit microprocessor in the world. 
It offers many more features and 


functions than 1ts competitor. 

In addition to being source-code 
compatible with the 8080A 
microprocessor, the Z80 offers 
more instructions than the 8080A 
(158 vs. 78) and numerous other 
features that simplify hardware 
reguirements and reduce program- 
ming effort while increasing 
throughput. The dual-register set 
of the Z80 CPU allows high-speed 
context switching and more effi- 
cient interrupt processing. Two 
index registers give additional 
memory-addressing flexibility and 
simplify the task of programming. 
Interfacing to dynamic memory is 
simplified by on-chip, program- 
mable refresh logic. Block moves 
plus string- and bit-manipulation 
instructions reduce programming 
effort, program size, and execution 
time. 

Now the Z8300 Z80L CPU extends 
the range of Z80 applications. This 
low-power version retains all Z80 
CPU functions while providing 
dramatic power savings and 
increased reliability. 

The four traditional functions of 
a microcomputer system (parallel 
I/O, serial I/O, counting/timing, 
and direct memory access) are 
easily implemented by the Z80 
CPU and the following well-proven 
family of Z80 peripheral devices: 
Z80 PIO, Z80 SIO, Z80 DART, 

Z80 CTC, and Z80 DMA. 

The easily programmed, dual- 
channel 28420 Z80 PIO Parallel 
Input/Output Controller offers two 
8-bit I/O ports with individual 
handshake and pattern recognition 


logic. Both I/O ports operate in 
either a byte or a bit mode. In 
addition, this device can be pro- 
grammed to generate interrupts for 
various status conditions. 

All common data communica- 
tions protocols, asynchronous 
as well as synchronous, are 
remarkably well handled by the 
Z8440 Z80 SIO Serial Input/Out- 
put Controller. This dual-channel 
receiver/transmitter device offers 
on-chip parity and CRC genera- 
tion/checking. FIFO buffering 
and flag- and frame-detection 
generation logic are also offered. 

If asynchronous-only applica- 
tions are required, the cost- 
effective Z8470 Z80 DART Dual 
Asynchronous Receiver/Transmit- 
ter can be used in place of the Z80 
SIO. The Z80 DART offers all Z80 
SIO asynchronous features in two 
channels. 

Timing and event-counting func- 
tions are the forte of the Z8430 Z80 
CTC Counter/Timer Controller. 
The CTC provides four counters, 
each with individually program- 
mable prescalers. The CTC is a 
convenient source of program- 
mable clock rates for the SIO. 

With the Z8410 Z80 DMA Direct 
Memory Access Controller, 
data can be transferred directly 
between any two ports (typically, 
I/O and memory). The DMA trans- 
fers, searches, or search/transfers 
date in Byte-by-Byte, Burst, or 
Continuous modes. This device can 
achieve an impressive 2M bits per 
second data rate in the Search 
mode. 
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Zilog Specification 
June 1982 
Features @ The instruction set contains 158 instructions. may be daisy-chained to allow implemen- 


The 78 instructions of the 8080A are 
included as a subset; 8080A software com- 
patibility is maintained. 


Six MHz, 4 MHz and 2.5 MHz clocks for the 


tation of a priority interrupt scheme. Little, 
if any, additional logic is required for 
daisy-chaining. 


@ Duplicate sets of both general-purpose 


and flag registers are provided, easing 

the design and operation of system soft- 
ware through single-context switching, 
background-foreground programming, and 
single-level interrupt processing. In addi- 
tion, two 16-bit index registers facilitate 
program processing of tables and arrays. 


Z80B, Z80A, and Z80 CPU result in rapid 
instruction execution with consequent high 
data throughput. 


@ The extensive instruction set includes string, 
bit, byte, and word operations. Block 
searches and block transfers together with 
indexed and relative addressing result in 
the most powerful data handling capabilities @ There are three modes of high speed inter- 
in the microcomputer industry. rupt processing: 8080 compatible, non-Z80 

peripheral device, and Z80 Family 


@ The Z80 microprocessors and associated eri pheralawithvor without daisy.chain. 


family of peripheral controllers are linked 


by a vectored interrupt system. This system @ On-chip dynamic memory refresh counter. 
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Figure 1. Pin Functions 


Figure 2. Pin Assignments 
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General 
Description 


The Z80, Z80A, and Z80B CPUs are third- 
generation single-chip microprocessors with 
exceptional computational power. They offer 
higher system throughput and more efficient 
memory utilization than comparable second- 
and third-generation microprocessors. The 
internal registers contain 208 bits of read/write 
memory that are accessible to the programmer. 
These registers include two sets of six general- 
purpose registers which may be used 
individually as either 8-bit registers or as 
16-bit register pairs. In addition, there are two 
sets of accumulator and flag registers. A group 
of “Exchange” instructions makes either set of 
main or alternate registers accessible to the 
programmer. The alternate set allows operation 
in foreground-background mode or it may be 


INSTRUCTION 
DECODER 


+5V —_» 
GND ~—»> 


CLOCK —» 


8 SYSTEMS 5 CPU 
AND CPU CONTROL 
CONTROL = INPUTS 
OUTPUTS 


reserved for very fast interrupt response. 

The Z80 also contains a Stack Pointer, Pro- 
gram Counter, two index registers, a Refresh 
register (counter), and an Interrupt register. 
The CPU is easy to incorporate into a system 
since it requires only a single +5 V power 
source. All output signals are fully decoded 
and timed to control standard memory or 
peripheral circuits, and it is supported by an 
extensive family of peripheral controllers. The 
internal block diagram (Figure 3) shows the 
primary functions of the Z80 processors. 
Subsequent text provides more detail on the 
Z80 I/O controller family, registers, instruction 
set, interrupts and daisy chaining, and CPU 
timing. 
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Figure 3. Z80 CPU Block Diagram 
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Z80 Micro- 


The Zilog Z80 microprocessor is the central 


each of which has an 8-bit prescaler. Each 


processor element of a comprehensive microprocessor of the four channels may be configured to 
Family product family. This family works together in operate in either counter or timer mode. 
most applications with minimum requirements m The DMA (Direct Memory Access) con- 
for additional logic, facilitating the design of troller provides dual port data transfer 
efficient and cost-effective microcomputer- operations and the ability to terminate data 
based systems. transfer as a result of a pattern match. 
Zilog has designed five components to pro- . 
vide extensive support for the Z80 micro- m The SIO (Serial Input/ Output) controller 
processor. These are: offers two channels. It is capable of 
operating in a variety of programmable 
@ The PIO (Parallel Input/Output) operates in modes for both synchronous and asyn- 
both data-byte I/ O transfer mode (with chronous communication, including 
peewee en oe spe aries : Bi-Sync and SDLC. 
andshaking). The may be configure . 
to interface with standard parallel @ The DART (Dual Asynchronous Receiver/ 
peripheral devices such as printers, tape iad device provides low 3 : 
punches, and keyboards. asynchronous serial communication. It has 
two channels and a full modem control 
m The CTC (Counter/Timer Circuit) features oe eee 
four programmable 8-bit counter/timers, 
280 CPU Figure 4 shows three groups of registers foreground data processing. The second set of 
Registers within the Z80 CPU. The first group consists of registers consists of six registers with assigned 
duplicate sets of 8-bit registers: a principal set functions. These are the I (Interrupt Register), 
and an alternate set (designated by ' [prime], the R (Refresh Register), the IX and IY (Index 
e.g., A’). Both sets consist of the Accumula- Registers), the SP (Stack Pointer), and the PC 
tor Register, the Flag Register, and six (Program Counter). The third group consists of 
general-purpose registers. Transfer of data two interrupt status flip-flops, plus an addi- 
between these duplicate sets of registers is tional pair of flip-flops which assists in identi- 
accomplished by use of “Exchange” instruc- fying the interrupt mode at any particular 
tions. The result is faster response to interrupts time. Table 1 provides further information on 
and easy, efficient implementation of such ver- these registers. 
satile programming techniques as background- 
MAIN REGISTER SET ALTERNATE REGISTER SET 
<+———— 8 BITS ———_—————_> 
16 BITS INTERRUPT FLIP-FLOPS STATUS 
= 
1 = INTERRUPTS ENABLED DURING NMI 
SERVICE 
SP STACK POINTER 
1 0 INTERRUPT MODE 1 
1 1 INTERRUPT MODE 2 
—_—— 8 BITS —____—__>> 
Figure 4. CPU Registers 
2001-0213 
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Z80 CPU Register Size (Bits) Remarks 


re aie d) A, A’ Accumulator 8 Stores an operand or the results of an operation. 
ontinue 
F, F’ Flags 8 See Instruction Set. 

B, B’ General Purpose 8 Can be used separately or as a 16-bit register with C. 

Cal General Purpose 8 See B, above. 

D, D’ General Purpose 8 Can be used separately or as a 16-bit register with E. 

E, E’ General Purpose 8 See D, above. 

A. General Purpose 8 Can be used separately or as a 16-bit register with L. 

hee General Purpose 8 See H, above. 

Note: The (B,C), (D,E), and (H,L) sets are combined as follows: 
B — High byte C — Low byte 
D — High byte E— Low byte 
H — High byte L— Low byte 

I Interrupt Register 8 Stores upper eight bits of memory address for vectored interrupt 
processing. 

R Refresh Register 8 Provides user-transparent dynamic memory refresh. Automatically 
incremented and placed on the address bus during each 
instruction fetch cycle. 

IX Index Register 16 Used for indexed addressing. 

IY Index Register 16 Same as IX, above. 

SP Stack Pointer 16 Holds address of the top of the stack. See Push or Pop 1n instruc- 
tion set. 

PC Program Counter 16 Holds address of next instruction. 

IFF)-IFF2 Interrupt Enable Flip-Flops Set or reset to indicate interrupt status (see Figure 4). 

IMFa-IMFb Interrupt Mode Flip-Flops Reflect Interrupt mode (see Figure 4). 

Table 1. Z80 CPU Registers 
Interrupts: The CPU accepts two interrupt input signals: @ Mode | — Peripheral Interrupt service, for 
General NMI and INT. The NMI is a non-maskable use with non-8080/Z80 systems. 


Operation interrupt and has the highest priority. INT is a 
lower priority interrupt and it requires that 
interrupts be enabled in software in order to 
operate. INT can be connected to multiple 
peripheral devices in a wired-OR configura- 
tion. 

The Z80 has a single response mode for 
interrupt service for the non-maskable inter- 
rupt. The maskable interrupt, INT, has three 
programmable response modes available. 
These are: 


m Mode 0 — compatible with the 8080 micro- 
processor. 


M@ Mode 2 — a vectored interrupt scheme, 
usually daisy-chained, for use with Z80 
Family and compatible peripheral devices. 


__The CPU services interrupts by sampling the 
NMI and INT signals at the rising edge of the 
last clock of an instruction. Further interrupt 
service processing depends upon the type of 
interrupt that was detected. Details on inter- 
rupt responses are shown in the CPU Timing 
Section. 


Interrupts: 


General 


Operation 
(Continued) 


Non-Maskable Interrupt (NMI). The non- 
maskable interrupt cannot be disabled by pro- 
gram control and therefore will be accepted at 
all times by the CPU. NMI is usually 

reserved for servicing only the highest priority 
type interrupts, such as that for orderly shut- 
down after power failure has been detected. 
After recognition of the NMI signal (providing 
BUSREO is not active), the CPU jumps to 
restart location 0066H. Normally, software 
starting at this address contains the interrupt 
service routing. 


Maskable Interrupt (INT). Regardless of the 
interrupt mode set by the user, the Z80 
response to a maskable interrupt input follows 
a common timing cycle. After the interrupt has 
been detected by the CPU (provided that 
interrupts are enabled and BUSREO is not 
active) a special interrupt processing cycle 
begins. This is a special fetch (M1) cycle in 
which IORQ becomes active rather than 
MREQ, as in normal M1 cycle. In addition, this 
special M1 cycle is automatically extended by 
two WAIT states, to allow for the time required 
to acknowledge the interrupt request. 


Mode 0 Interrupt Operation. This mode is 
compatible with the 8080 microprocessor inter- 
rupt service procedures. The interrupting 
device places an instruction on the data bus. 
This is normally a Restart Instruction, which 
will initiate a call to the selected one of eight 
restart locations in page zero of memory. 


Mode | Interrupt Operation. Mode 1 oper- 
ation is very similar to that for the NMI. The 
principal difference is that the Mode 1 inter- 
rupt has a restart location of 0038H only. 


Mode 2 Interrupt. Operation. This interrupt 
mode has been designed to utilize most effec- 
tively the capabilities of the Z80 microproc- 
essor and its associated peripheral family. The 
interrupting peripheral device selects the 
starting address of the interrupt service 
routine. It does this by placing an 8-bit vector 
on the data bus during the interrupt acknowl- 
edge cycle. The CPU forms a pointer using 
this byte as the lower 8-bits and the contents of 
the I register as the upper 8-bits. This points to 
an entry in a table of addresses for interrupt 
service routines. The CPU then jumps to the 
routine at that address. This flexibility in 
selecting the interrupt service routine address 
allows the peripheral device to use several dif- 
ferent types of service routines. These routines 


may be located at any available location in 
memory. Since the interrupting device sup- 
plies the low-order byte of the 2-byte vector, 
bit O (Ap) must be a zero. 


Interrupt Priority (Daisy Chaining and 
Nested Interrupts). The interrupt priority of 
each peripheral device is determined by its 
physical location within a daisy-chain config- 
uration. Each device in the chain has an inter- 
rupt enable input line (IEI) and an interrupt 
enable output line (IEO), which is fed to the 
next lower priority device. The first device in 
the daisy chain has its IEI input hardwired to a 
High level. The first device has highest 
priority, while each succeeding device has a 
corresponding lower priority. This arrange- 
ment permits the CPU to select the highest 
priority interrupt from several simultaneously 
interrupting peripherals. 

The interrupting device disables its IEO line 
to the next lower priority peripheral until it has 
been serviced. After servicing, its IEO line is 
raised, allowing lower priority peripherals to 
demand interrupt servicing. 

The Z80 CPU will nest (queue) any pending 
interrupts or interrupts received while a 
selected peripheral is being serviced. 


Interrupt Enable/Disable Operation. Two 
flip-flops, IFF; and IFF2, referred to in the 
register description are used to signal the CPU 
interrupt status. Operation of the two flip-flops 
is described in Table 2. For more details, refer 
to the Z80 CPU Technical Manual and Z80 
Assembly Language Manual. 


Action IFF, IFF2 Comments 
CPU Reset 0 0 Maskable interrupt 
INT disabled 
DI instruction 0 0 Maskable interrupt 
execution INT disabled 
EI instruction ] ] Maskable interrupt 
execution INT enabled 
LD A,I instruction e e IFF> — Parity flag 
execution 
LD A,R instruction e ° IFF2 — Parity flag 
execution 
Accept NMI OQ IFF, IFF, — IFF2 
(Maskable inter- 
rupt INT disabled) 
RETN instruction IFFp7 e IFF2 — IFF) at 
execution completion of an 
NMI service 
routine. 


Table 2. State of Flip-Flops 
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Instruction The Z80 microprocessor has one of the most O 16-bit arithmetic operations 
Set powerful and versatile instruction sets oi Raises ana Suis 
available 1n any 8-bit microprocessor. It ; 
includes such unique operations as a block O Bit set, reset, and test operations 
move for fast, efficient data transfers within O Jumps 
memory or between memory and I/O. It also 
Ao ee Sis O Calls, returns, and restarts 
allows operations on any bit in any location in 
memory. O Input and output operations 
The following is a summary of the Z80 A variety of addressing modes are 
instruction set and shows the assembly implemented to permit efficient and fast data 
language mnemonic, the operation, the flag transfer between various registers, memory 
status, and gives comments on each instruc- locations, and input/output devices. These 
tion. The Z80 CPU Technical Manual addressing modes include: 
(03-0029-01) and Assembly Language uaciais 
Programming Manual (03-0002-01) contain 
significantly more details for programming 0 Immediate extended 
use. 0 Modified page zero 
The instructions are divided into the 
; O Relative 
following categories: 
O Extended 
O 8-bit loads 
O Indexed 
O 16-bit loads 
O Register 
O Exchanges, block transfers, and searches g 
pe ees O Register indirect 
O 8-bit arithmetic and logic operations g 
O Implied 
O General-purpose arithmetic and CPU Bp 
control 0 Bit 
8-Bit Symbolic Flags Opcode No.of No.of M No.of T 
L oa d Mnemonic Operation Ss Z H P/V N C 76 543 210 Hex Bytes Cycles States Comments 
Group LD r, r' rer’ ee e« X © X #© @ @ Ol r fr’ 1 | 4 r,r’___Reg. 
LDr,n r-n o e*« X © KX e e @ 00 r 110 2 2 7 000 B 
—-n— 001 Cc 
LD r, (HL) r = (HL) * 8 X © X © © © Ol r 110 1 2 7 010 D 
LD r, (IX+d) r= (IX+d) © e X © X e© © © 11011101 DD 3 5 19 Oll o£ 
Ol r 101 100 4H 
fae 101. 
LDr, (IY+d) r= (IY +d) o 6 X © X e © © 1111101 FD 3 5 19 lll oA 
01 r 110 
-_ d -_ 
LD(HL),r = (HL) =r oe X © X © © © 01110 r 1 2 7 
LD (IX+d),r  (IX+d) —r oe X © X © © © 11011101 DD 3 5 19 
01110 r 
_ a — 
LD(IY+d),r  (IY+d) =r oe X ¢ X © © © 1111101 FD 3 5 19 
01110 r 
-_ d _ 
LD(HL),n (HL) —n oe X © X © © © 110110 3 2 3 10 
_ n _ 
LD(IX+d),n (IX+d)—n oe X © X e e e 11011101 DD 4 5 19 
00 110 110 36 
- d _— 
-n— 
LD (IY+d),n (IY+d)-—n ee e@e X¥ © KX e e ee * 4} 111 101 FD 4 5 19 
00 110 110 36 
-da-— 
— n — 
LDA,(BC) A= (BC) °o 8 X © X © © © (001010 0A 1 2 7 
LDA,(DE) A= (DE) ° 8 X ¢ X © @ © 0011010 1A 1 2 7 
LDA, (nn) A= (nn) oe X X e e e 0111010 3A 3 4 13 
- nn 
~-n~ 
LD(BC),A  (BC)~A °o + X © X © © © Qoowolo o2 1 2 7 
LD(DE),A  (DE)~ A oe X e X © © © OO100I0 12 1 2 7 
LD(nn),A (nn) - A o + X © X © © e 110010 32 3 4 13 
-_ n _ 
_— n _ 
LD A, I ee 1 t X 0 X IFF 0 © 11101101 ED 2 2 9 
01 010 111 57 
LD A, R A-R t 1 X O X IFF 0 ¢ 11101101 ED 2 2 9 
01 O11 111 SF 
LDI, A eae °e ¢ X ¢ X © © © 11101101 ED 2 2 9 
01 000 111 47 
LDR, A R-A e ‘® X ¢ X © @ e 11101101 ED 2 2 9 


NOTES r, r' means any of the registers A, B, C, D, E, H, L 
IFF the content of the interrupt enable flip-flop, (IFF) 1s 
copied into the P/V flag 
For an explanation of flag notation and symbols for 
mnemonic tables, see Symbolic Notation section 
following tables 
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16-Bit Load Symbolic Flags Opcode No.of No.of M No.of T 
Gr oup Mnemonic Operation § 2 H P/V N C 76 543 210 Hex Bytes Cycles States Comments 
LD dd, nn dd — nn ° xX e X ®@ 00 ddO 001 3 3 10 dd Pair 
-n- 00 BC 
-n=— 01 DE 
LD IX, nn IX — nn e X e K @ @ 11 011 10) DD 4 4 14 10 HL 
00 100 001 21 1] SP 
-_ n — 
Cont n ee 
LD IY, nn IY — nn e X © X ¢ @ 11 111 101 FD 4 4 14 
00 100 001 21 
i n ete 
— n — 
LD HL, (nn) H — (nn+)) ° X e X #© @ @ 00 101 010 2A 3 5 16 
L — (nn) -n- 
a n — 
LD dd, (nn) ddy -— (nn+1) e X e X ee e 11 101 101 ED 4 6 20 
dd — (nn) 01 ddl O11 
tae n — 
em n — 
LD IX, (nn) IXy — (nn+1) e X ¢ KX @ @ e@ 11 011 101 DD 4 6 20 
IX, — (nn) 00 101 010 2A 
oe n — 
—_ n — 
LD IY, (nn) IYy — (nn+1) ° X #« X @© @ @ 11 11) 101 FD 4 6 20 
IY, — (nn) 00 101 010 2A 
— n —_ 
-n-- 
LD (nn), HL (nn+1)—H ° X © X e© ee @ 00 100 010 22 3 5 16 
(nn) — L -n- 
Conall n ome 
LD (nn), dd (nn+1) — ddy e Xx * X ee e® 11 101 101 ED 4 6 20 
(nn) — ddy, 01 ddd 011 
— n — 
— n — 
LD (nn), IX (nn+1) — Xy e X © KX @ e 11 011 101 DD 4 6 20 
(nn) — Xz 00 100 010 22 
- n — 
-_— n — 
LD (nn), IY (nn+1) — IYy ° X e X 11 111 101 FD 4 6 20 
(nn) — IYy, 00 100 010 22 
— n ae 
— n — 
LD SP, HL SP — HL e X e XK e e@ 11 111 001 F9 ] 1 6 
LD SP, IX SP — IX ° X e X @ e@ 11 011 101 DD 2 2 10 
11 111 001 F9 
LD SP, IY SP — IY e X © X @ e@ 11 111 101 FD 2 2 10 
11 111 001 F9 qq Pair 
PUSH qq (SP -2) — qaz, ° X «© X © e@ 11 qqO 101 1 3 ll 00 BC 
(SP-1) — qqy Ql DE 
SP — SP -2 10 HL 
PUSH IX (SP —2) — IXy ° X © X e 1] 011 101 DD 2 4 15 ll AF 
(SP-1) — IXy 11 100 101 ES 
SP - SP -2 
PUSH IY (SP-2) — IYp e X e« X e@ 1] 111 101 FD 2 4 15 
(SP-1) — IYy 11 100 101 ES5 
SP ~ SP -2 
POP qq agH — (SP +1) ° X @ X 11 qqO 001 ] 3 10 
qaL — (SP) 
SP ~ SP +2 
POP IX IXy — (SP +1) X e X 1} 011 101 DD 2 4 14 
IX, — (SP) 11 100 001 El 
SP — SP +2 
POP IY IYy — (SP +1) X e X 1] 111 101 FD 2 4 14 
IY, — (SP) 11 100 001 E1} 
SP — SP +2 ; 
NOTES = dds any of the register pairs BC, DE, HL, SP. 
qq 18 any of the register pairs AF, BC, DE, HL 
(PAIR), (PAIR) refer to high order and low order eight bits of the register pair respectively, 
eg,BCL = C, AFH =A 
Exchange, EX DE, HL DE ~ HL e X © X e@ @ @ 11 101 O11 EB 1 1 4 
Block EX AF, AF’ AF — AF’ ® X * XX @e @ @ 00 001 000 08 4 
EXX BC ~ BC’ ° X e X @ @ e@ 11 01] 001 D9 4 Register bank and 
Transfer, DE ~ DE’ auxiliary register 
HL + HL’ bank exchange 
Block Search gy (sp ~ (SP +1) . X © Xe © © 11 100011 E3 5 19 
Groups L = (SP) 
EX (SP), IX IXy + (SP +1) e X * X © @ e@ 11 011 101 DD 2 6 23 
IX, + (SP) 11 100 011 E3 
EX (SP), IY IYy - (SP+1) ° X ee X @© @ @ 11 111 101 FD 2 6 23 
IY, ~ (SP) 1) 100 011 E3 
@ 
LDI (DE) — (HL) ° Xx O X ! Q e@ 11 101 101 ED 2 4 16 Load (HL) into 
DE ~- DE+1 10 100 000 AO (DE), increment 
HL — HL+1 the pointers and 
BC — BC-1 decrement the byte 
counter (BC) 
LDIR (DE) — (HL) ° X O X 0 0 ® 1] 101 101 ED 21 If BC #0 
DE — DE+1 10 110 000 BO 16 If BC =0 
HL — HL+1 
BC — BC-1 
Repeat unt: 
BC =0 
NOTE @ P/V flag 1s 0 if the result of BC~1 = 0, otherwise P/V = 1 
2001-001 ll 
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Exchange, Symbolic Flags Opcode No.of No.of M No.of T 
Block Mnemonic Operation S Z H P/V N C 76 543 210 Hex Bytes Cycles States Comments 
Transfer, @ 
LDD (DE) — (HL) * X 0 X t 0 e 11 101 101 ED 16 
Block Search DE — DE-1 10 101 000 A8 
Groups HL — HL-1 
(Continued) Poe! 
LDDR (DE) — (HL) . xX 0 X- 0 0 -* 11 101 101 ED 21 If BC # 0 
DE — DE-1 10 111 000 B8 16 If BC = 0 
HL — HL-1 
BC — BC-1 
Repeat until 
BC = 0 
Q @ 
CPI A - (HL) 1 Xx a a a 11 101 101 ED 16 
HL — HL+1 10 100 001 Al 
BC - BC-1 
O) ® 
CPIR A ~ (HL) t X t X t 1 e 11 101 101 ED 21 If BC # 0 and 
A # (HL) 
HL ~ HL+1 10 110 001 Bl 16 If BC = Oor 
BC - BC-1 A = (HL) 
Repeat until 
A = (HL) or 
BC = 0 
@ 0) 
CPD A - (HL) t X t X t 2 e 11 101 101 ED 16 
HL - HL-1 10 101 001 Ag 
BC - BC-1 
Q ® 
CPDR A ~ (HL) Pe fo 3. 11 101 101 ED 21 If BC # Oand 
A # (HL) 
HL — HL-1 10 111 001 B9 16 If BC = Oor 
BC — BC-1 A = (HL) 
Repeat until 
A = (HL) or 
BC = 0 
NOTES () P/V flag is 0 if the result of BC-1 = 0, otherwise P/V = 1 
(2 Z flag is 1 uf A = (HL), otherwise Z = 0 
8-Bit ADD A,r A-Ad¢r rt X t+ X¥ Vo ft lope r 4 1 Reg. 
Arithmetic ADD A, n A-Ad+n jo AO Oe OT 110 7 000 B 
and Logical wee fe O10 D 
Group ADD A, (HL) A-—A + (HL) tt X t X VO ¢t  lof6dg 110 7 OE 
ADD A, (IX+d) A— A + (IX+d) 2 OX FOR Woo 4g 11 011 101 DD 19 100 H 
10 [00g] 110 101 L 
~ d lll A 
ADD A, (IY+d) A~A + (IY +d) ft ba KV Oe 4 11 111 101. FD 19 
10 [000] 110 
we (di as 
ADC A, s A — A+s+CyY to gh CMe aes St 00] 8 ety es s 
( ‘ + ), 
SUB s A - A-s t t xX t Xx Vv ] t (IY +d) as shown 
SBC A, s A — A-s-CY fh OR ge Og for ADD instruction. 
AND s A-AAs t + X 1X POO TOO ne ay 
replace the in 
ee aa Ya Be aie Oe iS ie aN the ADD set above 
XOR s A-A@s t t+ X O X P oO 0 
CP s A-s fh SRR Ke Os oh 4 Ill 
INC r r-r+1 t t+ X t X¥ VO e 00 r [100] 4 
INC (HL) (HL) —(HL)+1 tt X tt KX VO e 00 110 ll 
INC (IX+d) (IX+d) - t + X + X VO e 11 011 101 DD 23 
(IX+d)+1 00 110 [100] 
C med d —_ 
INC (I¥+d) = (I¥+d) — bo OK oR D> oe 11 111 101 FD 23 
(I¥+d)+1 00 110 [00] 
-_ d-— 
DEC m m-m-1 t + X t X Voile m is any of r, (HL), 


(IX+d), (IY +d) 
as shown for INC 
DEC same format 
and states as INC 
Replace with 


101} in opcode 


2001-001 


General- Symbolic Flags Opcode No.of No.of M No.of T 
Purpose Mnemonic Operation S Z H P/V N C 76 543 210 Hex Bytes Cycles States Comments 
Arithmetic DAA Converts acc content { t X t xX P e 4 00 100 111 27 l l 4 Decimal adjust 
into packed BCD accumulator. 
and following add or 
subtract with packed 
CPU Control BCD operands 
Groups CPL A-K ee X 1 Xe 1 © 0010111 FF 1 l 4 Complement 
accumulator (one’s 
complement). 
NEG A-O-A t ¢t X t X V 1% 11 101 101 ED 2 2 8 Negate acc. (two's 
a 01 000 100 44 complement). 
CCF CY — CY e ee X KX XK e 0 $4 00 111 111 3F ] l 4 Complement carry 
flag. 
SCF CY - 1 e *« X 0 K @e Q 1 00 110 111 37 l l 4 Set carry flag 
NOP No operation ee « X © KX e ee @ 00 000 000 00 l 1 4 
HALT CPU halted eo e X © KX e @ e@ 01 110 110 76 l l 4 
DI * IFF — 0 e « X e X @© @ @ 11 110 011 F3 l l 4 
EI « IFF — ] e e@« X © K e ee @ 1] 111 011 FB l 1 4 
IM 0 Set interrupt e «© X ee X e @ @ 11 10] 10] ED 2 2 8 
mode 0 01 000 110 46 
IM 1 Set interrupt e e X ee X e @ @ 11 101 101 ED 2 2 8 
mode | 01 010 110 56 
IM 2 Set interrupt e ee X e X © @ @ 11 101 101 ED 2 2 8 
mode 2 01 011 110 5E 
NOTES _ IFF indicates the interrupt enable flip-flop 
CY indicates the carry flip-flop. 
* indicates interrupts are not sampled at the end of EI or DI 
16-Bit ADD HL, ss HL —HL+ss * © X X X © O ¢ 00 ssi 001 1 3 ll ss Re 
. : 00 BC 
Arithmetic ADCHL,ss HL—HL+ss+CY + 1 X X X VO + J1101101 ED 2 4 15 -01_-«DE 
Group 01 ssl 010 10 HL 
11 SP 
SBC HL, ss HL — HL-ss—CY t t X X X V 1 et 11 101 101 ED 2 4 15 
01 ssO 010 
ADD IX, pp IX — IX + pp e ee X X KX #* 0 4 11 011 101 DD 2 4 15 pp Reg 
01 ppl 001 00 BC 
01 DE 
10 IX 
11 SP 
ADD IY, rr Ty - IY + rr oe « X¥ X X¥ #« Of 11 111 101 FD 2 4 15 rr Re 
00 rri 001 00 BC 
01 DE 
10 I¥ 
11 SP 
INC ss ss- ss + 1 e « X © KX #® @ @ 00 ss0 011 1 1 6 
INC IX IX + IX + 1 ee *« X «© X e e@ e@ 11 011 101 DD 2 2 10 
00 100 011 23 
INC IY Ty — IY + 1 e © X «© KX #* @ @ 11 111 101 FD 2 2 10 
QO 100 011 23 
DEC ss ss — ss—] « e« X¥ «© KX # @ @ 00 ssl 011 ] 1 6 
DEC IX IX — IX-] e © X © X¥ © @ @ 11 011 101 DD 2 2 10 
QO 101 01] 2B 
DEC IY IyY — IY-] © « X ee KX © @ @ 11 111 101 FD 2 2 10 
00 101 01] 2B 
NOTES _ ssis any of the register pairs BC, DE, HL, SP 
pp is any of the register pairs BC, DE, IX, SP 
rris any of the register pairs BC, DE, IY SP 
Rotate and 
Shift Group = RLCA Uenen. * ¢ X 0 X © 0 t C0001 07 l 4 Rotate left circular 
A accumulator 
RLA 7~—0 * © X 0 X © Of 00010 111 17 l 4 Rotate left 
A accumulator 
RRCA 7—- 0 e e X 0 X © O00 4 00 001 111 OF l 4 Rotate right circular 
A accumulator 
RRA e* 6©« X 0 X ¢ 0 3 00 Oll 111 IF 1 4 Rotate right 
A accumulator 
RLC r t t+ X O X P O 11 001 011 CB 2 8 Rotate left circular 
00 r register r 
RLC (HL) t + X 0 X P O ¢ 11001011 CB 4 Is Led z= 
00 110 001 Cc 
RLC (IX +d) ane > es a at ee DG) (6) 6 a a oe 
r,(HL),(IX + d),(IY + d) 11 001 011 CB 100 H 
ay 101 so 
00 110 lil oA 
RLC (IY +d) t t X O X P O 4 11 111 101 FD 6 23 
: 11 001 011 CB 
oe Instruction format 
00 110 and states are as 
RL m t t X 0 X P Of O10 shown for RLC’s 
mar,(HL),(IX + d), (IY +d) To form new 
opcode replace 
RRC m ee ae eee or RLC's 


maer,(HL),(IX + d),(IY +d) 


with shown code 
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Rotate and Symbolic Flags Opcode No.of No.of M No.of T 
Shift Group Mnemonic Operation Ss 2 H P/V N C 76 543 210 Hex Bytes Cycles States Comments 


Continued 
m#r,(HL),(IX +d),(IY +d) 
SLA m [ev]j——_{_7——o}-0 +; + xX 0 X PO? 100 
m#r,(HL),(IX +d),(IY +d) 
SRA m £0 RO EP 10] 
m#r,(HL),(IX +d),(IY +d) 
SRL m Oreo pl] RO ORO 4 Tl 
mz#r,(HL),(IX +d),(IY +d) 
RLD ora a fag at EL t t X 0 X P 0 ¢e 11101101 ED 2 5 18 Rotate digit left and 
A (HD) 01 101 111 GF right between 
the accumulator 
and location (HL) 
RRD t t X O X P 0 ® 11101101 ED 2 5 18 The content of the 
A HD 01 100 111 +67 upper half of 
the accumulator 1s 
unaffected 
Bit Set, Reset sirb,; ae X t X 1 X X 0 © 211001011CB 2 2 8 r___ Reg. 
and Test = Os at 000 B 
BIT b, (HL) Z — (HL)p X t: X 1 X XK O @ 1] 001 011 CB 2 3 12 001 C 
Group Ol b 110 010 D 
BIT b, (IX+d), Z — (IX+d)p X t X 1 X X OO ®@ 11 011 101 DD 4 5 20 011 £E 
11 001 011 CB 100 H 
- d- 10) +L 
01 b 110 lll] A 
b Bit Tested 
BIT b, (IY+d)p Z— (IY +d)p X ¢t X 1 X X O @ 11 111 101 FD 4 5 20 000 0 
11 001 011 CB 001 1 
- d- 010 2 
01 b 110 011 3 
100 4 
101 5 
110 6 
lll 7 
SET b, r tho 1 e ee X «© X e @ @ 11 001 011 CB 2 2 8 
b r 
SET b, (HL) (HL)p - 1 e e X ee X ee ee @ 11 001 011 CB 2 4 15 
fi} b 110 
SET b, (IX+d) (IX+d)p - 1 eo @« X e X # e@ @ 11 011 101 DD 4 6 23 
11 00] 011 CB 
Ss, “gh ae 
[J b 110 
SET b, (I¥+d) (I¥+d)p - 1 e © X ee KX © e @ 11 111 101 FD 4 6 23 
11 001 011 CB 
a 
18) b 110 
RES b, m mb — 0 eo © X @e X ee @ @ To form new 
m mr, (HL), opcode replace 
(IX+d), of SET b, s 
(IY +d) with Flags 
and time states for 
SET instruction. 
NOTES _ The notation mp indicates bit b (0 to 7) or location m 
Jump JP nn PC — nn e ee X ee KX ee @ @ 11 000 011 C3 3 3 10 
~ n — 
Group -n-_— cc Condition 
JP ce, nn If condition cc 1s ee e X © X @ e @ 1l ce O10 3 3 10 000 NZ non-zero 
true PC — nn, - ne 001 Z = zero 
otherwise -n- 010 NC non-carry 
continue 011 C carry 
100 PO panty odd 
101 PE parity even 
110 P sign positive 
JRe PC — PC+e ee e« X ee X © @ @ 00 011 000 18 2 3 12 lll M_ sign negative 
-~-e-2— 
IR C,e IfC = 0, o e X e X © e @ 00 111 000 38 2 2 7 If condition not met. 
continue -e-2 — . 
IC = 1, 2 3 12 If condition 1s met. 
PC — PC+e 
JR NC,e IfC = 1, ee e X © KX ee @ @ 00 110 000 30 2 2 7 If condition not met. 
continue -e-2 - 
IfC = 0, 2 3 12 If condition 1s met. 
PC — PC+e 
JP Z,e IfZ = 0 eo e X e X @© @ e@ 00 101 000 28 2 2 7 If condition not met. 
continue -e-2— 
IfZ = 1, 2 3 12 If condition is met. 
PC — PC+e 
JR NZ, e IfZ = 1, e e X © KX ee ee @ 00 100 000 20 2 2 7 If condition not met. 
continue -e-2— 
If Z = 0, 2 3 12 If condition 1s met. 
PC — PC+e 
JP (HL) PC — HL eo e X e X e e e@ 1] 101 001 E9 ] | 4 
JP (IX) PC — IX eo e X¥ © X © ee @ 11 011 101 DD 2 2 8 
11 101 001 E9 


14 2001-001 


Jump Group Symbolic Flags oO) Opcode No.of No.of M No.of T 


( Continue d) Mnemonic Operation S$ Z H P/V NC 76 543 210 Hex Bytes Cycles States Comments 
JP (TY) PC — IY ee e« X © KX e© @ @ 11 111 101 FD 2 2 8 
11 101 001 E9 
DINZ, e B-B-1 ee e©« X © X @ @ @ 00 010 000 10 2 2 8 IfB = 0. 
If B = 0, -e-2-— 
continue 
If B # 0, 2 3 13 If B # 0. 
PC - PC+e 


NOTES e represents the extension in the relative addressing mode 
@ 18 4 signed two's complement number in the range < - 126, 129 > 
e-2 1n the opcode provides an effective address of pc +e as PC 1s incremented 
by 2 prior to the addition of e 


Call and CALL nn (SP-1) — PCH oe X © X @© e © 11001101CD 3 5 17 
(SP-2) — PCy -n- 
Return Group See ae 
CALL cc, nn If condition e e©« X © KX e e e@ 1] cc 100 3 3 10 If cc 18 false 
cc 1s false - nn 
continue, -n- 3 5 17 If cc 18 true 
otherwise same as 
CALL nn 
RET PCy, — (SP) e e X © X e@ @ @ 11 001 001 C9 1 3 10 
PCy — (SP +1) b 
RET cc If condition e e KX «© KX e ee @ 11 cc 000 ] 1 5 If cc 1s false. 
cc 1s false 3) 
continue, l 3 ll If cc 1s true. 
pele sc 7 Condition 3 
non-zero 
RET 001 Z = zero 
RETI Return from ee X © X e © ¢ 11101101 ED 2 4 i 2 Sprig 
carry 
interrupt 01 001 101 4D 100 PO panty odd 
RETN! Return from e © X © X e © «@ 11101101 ED 2 4 149) PE 
parity even 
non-maskable 01 000 101 45 110 P_ sign postive 
mnterrupt 111 M sign negative 

RST p (SP-1) — PCy e e X © KX e @ @ ll t ll 1 3 1] t p 

(SP -2) -— PCy 000 00H 
PCy - 0 001 08H 
PCL -p 010 10H 
0Oll 18H 
100 20H 
101 28H 
110 30H 
lll 38H 

NOTE  'RETN loads IFF2 — IFF] 

IN A, (n) A — (n) o e X © K e e# @ 11 011 011 DB 2 3 ll ntoAgj~A 
Input and - n= Acc to Ag ae 
Output Group JN, (C) r= (C) 1 + X t X PO e 11101101 ED 2 3 12 C to Ag ~ Az 

ifr = 110 only the 01 r 000 Bto Ag ~ Ajs 
flags will be affected 

INI (HL) — (C) X t X X X X t X 11 101 101 ED 2 4 16 C to Ag ~ Az 

B= Bel 10 100 010 A2 B to Ag ~ Ais 
HL — HL + 1 
INIR (HL) — (C) X 1 XK X X X ¢t X 11 101 101 ED 2 5 2l C to Ag ~ Az 
B= B-1 10 110 010 B2 (If B#0) Bto Ag ~ Als 
HL — HL + 1 2 4 16 
Repeat unt] (If B=0) 
B=0 
® 
IND (HL) — (C) x. Fe RR ER Aor wD 4 16 C to Ag ~ Az 
B-B-1 10 101 010 AA B to Ag ~ Ajs 
HL — HL-1 
INDR (HL) — (C) X 1 X X X X t+ X 11 101 101 ED 2 5 21 C to Ag ~ Az 
B- B-1 10 111 010 BA (If B#0) B to Ag ~ Als 
HL — HL-1 2 4 16 
Repeat until (If B=0) 
B=0 
OUT (n), A (n)- A eo e X e X © ¢ XK 11 010 011 D3 2 3 \] nto Ag ~ A7 
- n= Acc to Ag ~ Ajs 
OUT (C), r (C)-r e e X e X © $ X 11 101 101 ED 2 3 12 C to Ag ~ Az 
01 r 001 B to Ag ~ Ajs5 
OUTI (C) — (HL) X o X X X X ¢t X 11 101 101 ED 2 4 16 C to Ag ~ Az 
B-B-1 10 100 011 A3 B to Ag ~ Ajs 
HL — HL + 1 
OTIR (C) — (HL) X 1 X X X X t X 11 101 101 ED 2 5 21 C to Ag ~ Az 
B= B-1 10 110 011 B3 (If B#0) B to Ag ~ Als 
HL — HL + 1 2 4 16 
Repeat until (If B=0) 
B=0 
@ 
OUTD (C) + (HL) X t X X X X t X 11 101 101 ED 2 4 16 C to Ag ~ Az 
B- B-1 10 101 011 AB B to Ag ~ Ajs 
HL — HL-1 


NOTE @ If the result of B— 1 1s zero the Z flag 1s set, otherwise it 1s reset 
@ N Flag is | 1f data bit is 1, othewise N Flag 1s 0 


Input and Symbolic Flags Opcode No.of No.of M No.of T 

Output Group paneer Operation S 2 H P/V N C_ 76 543 210 Hex Bytes Cycles States Comments 

(Continued) OTDR (C) — (HL) X 1 X X X XK t X 1] 101 101 ED 2 5 21 C to Ag ~ Az 
B~ B-1 10 111 O11 (If B#0) B to Ag ~ Ajs 
HL — HL-1 2 4 16 
Repeat until (If B=0) 
B=0 

Summary of Dy Do 

Fla g Instruction S 2Z H P/V N C Comments 

Operation ADD A,s, ADC A, s iE of Ev.) At 8-bit add or add with carry 

SUB s, SBC A, s, CP s, NEG ! t X ¢t: XK VJ t 8-bit subtract, subtract with carry, compare and negate accumulator 

AND s t t X 1 XK P OQ 9O 

OR s, XOR s ' i ok “Oe KPO 8 Logical operations 

INC s t t xX +t: XK V Oe 8-bit increment 

DEC s : t X t+ X V 4d e 8-bit decrement. 

ADD DD, ss ee e X X XK ee Q f 16-bit add 

ADC HL, ss t t X xX xX V oO +f 16-bit add with carry 

SBC HL, ss t $ xX X X V 1% 16-bit subtract with carry 

RLA, RLCA, RRA, RRCA ° e X O X ¢ Q t Rotate accumulator 

RL m, RLC m, RR m, t t X oO xX P O 4 Rotate and shift locations 

RRC m, SLA m, 
SRA m, SRL m 

RLD, RRD t t xX O xX P OQ Rotate digit left and nght 

DAA $ t xX +: XK Pe t Decimal adjust accumulator 

CPL e e X 1 XK e 1 e Complement accumulator 

SCF ° e X O X ee Q 1] Set carry 

CCF ee e X X XK #* QO $4 Complement carry 

IN r (C) t t X O xX P QO e Input register indirect 

INI, IND, OUTI, OUTD X t X xX X X 1 ° = 

INIR, INDR, OTIR, OTDR X 1x xX X¥ X ] { Block input and output Z = 01f B # 0 otherwise Z = 0 

Ok CODE : ; : : : } Block transfer instructions P/V = 1 if BC # 0, otherwise P/V = 0 

CPI, CPIR, CPD, CPDR X ! X X X t 1 6 Block search instructions Z = 1 if A = (HL), otherwise Z = 0 P/V = 1 

if BC # 0, otherwise P/V = 0 
LD A, I, LDA, R t t xX O X IFF 0 e The content of the interrupt enable flip-flop (IFF) 1s copied into the P/V flag 
BIT b, s X t X 1 XK X O e The state of bit b of location s 1s copied into the Z flag 
Symbolic Symbol Operation Symbol Operation 
Notation S Sign flag. S = ] if the MSB of the result 1s 1. ! The flag 1s affected according to the result of the 
Z Zero flag. Z = 1 if the result of the operation 1s 0. operation. 
P/V Parity or overflow flag. Parity (P) and overflow ° The flag 1s unchanged by the operation. 
(V) share the same flag, Logical operations affect 0 The flag is reset by the operation. 
this flag with the parity of the result while l The flag 1s set by the operation. 
arithmetic operations affect this flag with the X The flag 1s a “don't care ” 
overflow of the result. If P/V holds parity, P/V = V P/V flag affected according to the overflow result 
1 if the result of the operation is even, P/V = 0 if of the operation. 
result 1s odd. If P/V holds overflow, P/V = 1 if P P/V flag affected according to the parity result of 
the result of the operation produced an overflow. the operation. 

H Half-carry flag. H = 1 if the add or subtract r Any one of the CPU registers A, B, C, D, E, H, L. 
operation produced a carry into or borrow from s Any 8-bit location for all the addressing modes 
bit 4 of the accumulator. allowed for the particular instruction. 

N Add/Subtract flag. N = 1 if the previous opera- ss Any 16-bit location for all the addressing modes 
tion was a subtract. allowed for that instruction. 

H&N  HandN flags are used in conjunction with the 11 Any one of the two index registers IX or IY. 
decimal adjust instruction (DAA) to properly cor- R Refresh counter. 
rect the result into packed BCD format following n 8-bit value in range < 0, 255 >. 
addition or subtraction using operands with nn 16-bit value in range < 0, 65535 >. 
packed BCD format. 

C Carry/Link flag. C = 1 if the operation produced 


a carry from the MSB of the operand or result. 
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Pin 


Descriptions 


Aop-Ajs5. Address Bus (output, active High, 
3-state). Ag-Ajs5 form a 16-bit address bus. The 
Address Bus provides the address for memory 
data bus exchanges (up to 64K bytes) and for 
I/O device exchanges. 


BUSACK. Bus Acknowledge (output, active 
Low). Bus Acknowledge indicates to the 
requesting device that the CPU address bus, 
data bus, and control signals MREQ, IORQ, 
RD, and WR have entered their high- 
impedance states. The external circuitry 
can now control these lines. 


BUSREQ. Bus Request (input, active Low). 
Bus Request has a higher priority than NMI 
and is always recognized at the end of the cur- 
rent machine cycle. BUSREQ forces the CPU 
address bus, data bus, and control signals 
MREQ, IORQ, RD, and WR to go to a high- 
impedance state so that other devices can 
control these lines. BUSREO is normally wire- 
ORed and requires an external pullup for 
these applications. Extended BUSREOQ 
periods due to extensive DMA operations can 
prevent the CPU from properly refreshing 
dynamic RAMs. 


Do-Dy. Data Bus (input/output, active High, 
3-state). Do-D7 constitute an 8-bit bidirectional 
data bus, used for data exchanges with 
memory and I/O. 


HALT. Halt State (output, active Low). HALT 
indicates that the CPU has executed a Halt 
instruction and is awaiting either a non- 
maskable or a maskable interrupt (with the 
mask enabled) before operation can resume. 
While halted, the CPU executes NOPs to 


maintain memory refresh. 


INT. Jnterrupt Request (input, active Low). 
Interrupt Request is generated by I/O devices. 
The CPU honors a request at the end of the 
current instruction if the internal software- 
controlled interrupt enable flip-flop (IFF) is 
enabled. INT is normally wire-ORed and 
requires an external pullup for these 
applications. 


IORQ. Jnput/Output Request (output, active 
Low, 3-state). IORQ indicates that the lower 
half of the address bus holds a valid I/O 
address for an I/O read or write operation. _ 
IORQ is also generated concurrently with Ml 
during an interrupt acknowledge cycle to indi- 
cate that an interrupt response vector can be 
placed on the data bus. 


Ml. Machine Cycle One (output, active Low). 
M1, together with MREQ, indicates that the 

urrent machine cycle is the opcode fetch 
cycle of an instruction execution. M1, together 
with IORQ, indicates an interrupt acknowledge 
cycle. 


MREQ. Memory Reguest (output, active 

Low, 3-state). MREO indicates that the address 
bus holds a valid address for a memory read or 
memory write operation. 


NMI. Non-Maskable Interrupt (input, negative 
edge-triggered). NMI has a higher priority 
than INT. NMI is always recognized at the end 
of the current instruction, independent of the 
status of the interrupt enable flip-flop, and 
automatically forces the CPU to restart at loca- 
tion O066H. 


RD. Read (output, active Low, 3-state). RD 
indicates that the CPU wants to read data from 
memory or an I/O device. The addressed I/O 
device or memory should use this signal to 
gate data onto the CPU data bus. 


RESET. Feset (input, active Low). RESET 
initializes the CPU as follows: it resets the 
interrupt enable flip-flop, clears the PC and 
Registers ] and R, and sets the interrupt status 
to Mode 0. During reset time, the address and 
data bus go to a high-impedance state, and all 
control output signals go to the inactive state. 
Note that RESET must be active for a minimum 
of three full clock cycles before the reset 
operation is complete. 


RFSH. Refresh (output, active Low). RFSH, 
together with MREQ, indicates that the lower 
seven bits of the system’s address bus can be 
used as a refresh address to the system's 
dynamic memories. 


WAIT. Wait (input, active Low). WAIT 
indicates to the CPU that the addressed mem- 
ory or I/O devices are not ready for a data 
transfer. The CPU continues to enter a Wait 
state as long as this signal is active. Extended 
WAIT periods can prevent the CPU from 
refreshing dynamic memory properly. 

WR. Write (output, active Low, 3-state). WR 
indicates that the CPU data bus holds valid 


data to be stored at the addressed memory or 
I/O location. 
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CPU Timing 


The Z80 CPU executes instructions by pro- 
ceeding through a specific sequence of opera- 
tions: 


@ Memory read or write 
w I/O device read or write 
@ Interrupt acknowledge 


The basic clock period is referred to as a 
T time or cycle, and three or more T cycles 
make up a machine cycle (M1, M2 or M3 for 
instance). Machine cycles can be extended 
either by the CPU automatically inserting one 
or more Wait states or by the insertion of one 
or more Wait states by the user. 


Instruction Opcode Fetch. The CPU places 
the contents of the Program Counter (PC) on 
the address bus at the start of the cycle (Figure 
5). Approximately one-half clock cycle later, 
MREOQ goes active. When active, RD indicates 
that the memory data can be enabled onto the 


The CPU samples the WAIT input with the 
falling edge of clock state Tz. During clock 
states T3 and T4 of an M1 cycle dynamic RAM 
refresh can occur while the CPU starts 
decoding and executing the instruction. When 
the Refresh Control signal becomes active, 


CPU data bus. refreshing of dynamic memory can take place. 


CLOCK <+<G)> 
@ 
a o 
ao-ais =| MM) re sd i ae 
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NOTE: Ty-Wait cycle added when necessary for slow ancilliary devices. 


Figure 5. Instruction Opcode Fetch 
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CPU Memory Read or Write Cycles. Figure 6 MREO also becomes active when the address 


Timing shows the timing of memory read or write bus is stable. The WR line is active when the 
(Continued) cycles other than an opcode fetch (M1) cycle. data bus is stable, so that it can be used 

The MREO and RD signals function exactly as directly as an R/W pulse to most semi- 

in the fetch cycle. In a memory write cycle, conductor memories. 
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Figure 6. Memory Read or Write Cycles 
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CPU Input or Output Cycles. Figure 7 shows the 
Timing timing for an I/O read or I/O write operation. 
(Continued) 


CLOCK 
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uo 

READ 
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During I/O operations, the CPU automatically 


VALID PORT ADDRESS | VALID PORT ADDRESS || 


inserts a single Wait state (Ty). This extra Wait 
state allows sufficient time for an I/O port to 
decode the address from the port address lines. 


Tw T3 


HEX 
>1@\* 


HO 
WRITE ©) @) s (35) 
OPERATION 
Do-D7 DATA OUT 


NOTE: Ty* = One Wait cycle automatically inserted by CPU. 


Figure 7. Input or Output Cycles 


Interrupt Request/Acknowledge Cycle. The 
CPU samples the interrupt signal with the ris- 
ing edge of the last clock cycle at the end of 
any instruction (Figure 8). When an interrupt 
is accepted, a special M1 cycle is generated. 


Ao-Ais 


Do-D7 


NOTE: 1) TL= Last state of previous instruction. 


During this M1] cycle, IORO becomes active 
(instead of MREQ) to indicate that the inter- 
rupting device can place an 8-bit vector on the 
data bus. The CPU automatically adds two 
Wait states to this cycle. 


y VALID DATA J 


2) Two Wait cycles automatically inserted by CPU(*). 


Figure 8. Interrupt Request/Acknowledge Cycle 
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CPU 
Timing 
(Continued) 


Non-Maskable Interrupt Request Cycle. 

NMI is sampled at the same time as the mask- 
able interrupt input INT but has higher priority 
and cannot be disabled under software control. 
The subsequent timing is similar to that of a 


LAST M CYCLE ——————_> 


LAST T TIME Ty Ta 


Ao-A15 


“Although NMI is an asynchronous input, to guarantee its being 
recognized on the following machine cycle, NMI's falling edge 


normal instruction fetch except that data put 
on the bus by the memory is ignored. The 
CPU instead executes a restart (RST) operation 
and jumps to the NMI service routine located 


at address 0066H (Figure 9). 


must occur no later than the rising edge of the clock cycle 
preceding TL AST. 


Figure 9. Non-Maskable Interrupt Request Operation 


Bus Request/Acknowledge Cycle. The CPU 
samples BUSREQ with the rising edge of the 
last clock period of any machine cycle (Figure 
10). If BUSREOQ is active, the CPU sets its __ 
address, data, and MREO, IORQ, RD, and WR 


Tt Tx 
CLOCK 
BUSACK 
_— <4) 
Ao-Ais |} 
—>| (2) 
Do-D7 ie 
eer ai © 
MREQ 
AD,WR 


lines to a high-impedance state with the rising 
edge of the next clock pulse. At that time, any 
external device can take control of these lines, 


usually to transfer data between memory and 
I/O devices. 
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NOTE: Ty = Last state of any M cycle. 


UNCHANGED 


Tx= An arbitrary clock cycle used by requesting device. 


Figure 10. Z-BUS Request/Acknowledge Cycle 
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CPU Halt Acknowledge Cycle. When the CPU 


Timing receives a Halt instruction, it executes NOP 
(Continued) states until either an INT or NMI input is 
M1 ——_>|-_____———_[_M1 
%; 4 T2 
CLOCK 
(36) 
HALT 


Halt Instruction 


received. When in the Halt state, the HALT 
output is active and remains so until an inter- 
rupt is received (Figure 11). 


|<—______—_—_ M1 
Ta Ty T2 


* 
Received _ 
NMI 


NOTE. INT will also force a Halt exit. 


*See note, Figure 9. 


Figure 11. Halt Acknowledge Cycle 


Reset Cycle. RESET must be active for at least 
three clock cycles for the CPU to properly 
accept it. As long as RESET remains active, the 
address and data buses float, and the control 
outputs are inactive. Once RESET goes 


CLOCK 


>| @ 


RESET 


>| @) 


inactive, three internal T cycles are consumed 
before the CPU resumes normal processing 
operation. RESET clears the PC register, so the 
first opcode fetch will be to location 0000 
(Figure 12). 


FLOAT 


FLOAT 


Figure 12. Reset Cycle 
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AC Z80 CPU 


Charac- Min 
teristics Number Symbol Parameter 
l TeC Clock Cycle Time 400* 
2 TwCh Clock Pulse Width (High) 180* 
3 TwCl Clock Pulse Width (Low) 180 
4 TiC Clock Fall Time — 
5 —TrC —————— Clock Rise Time 
6 TdCr(A) Clock t to Address Valid Delay — 
7  TdA(MREQf) Address Valid to MREQ 125° 
) Delay 


8 TdCf(MREQf) Clock ! to MREQ ! Delay — 
9g TdCr(MREQr) Clock t to MREQ t Delay — 


10 —-TwMREQh MREOQ Pulse Width (High) ———— 170” 
11 TwMREQ1 MREO Pulse Width (Low) 360* 
12. TdCiK(MREQr) Clock | to MREQO t Delay a3 
13 TdCfi(RDf) Clock | to RD | Delay — 
14 TdCr(RDr) Clock t to RD t Delay — 
15 ——TsD(Cr) Data Setup Time to Clock t—————— 50 
16 ThD(RDr) Data Hold Time to RD 1 _ 
17 TsWAIT(CB) WAIT Setup Time to Clock | 70 
18 ThWAIT(Cf£) WAIT Hold Time after Clock | — 
19 TdCr(M1f) Clock t to M1 | Delay — 


20 ——TdCr(Mlr) Clock t to M1 t Delay 

21 TdCr(RFSHf) Clock t to RFSH | Delay — 
22 TdCr(RFSHr) Clock t to RFSH t Delay — 
23 TdCt(RDr) Clock | to RD t Delay — 
24  TdCr(RDf) Clock t to RD | Delay a 
25-——TsD(Cf) 60 


Data Setup to Clock | during 
Mz, M3, My or Ms Cycles 


26 Tad A(IOROP) Address Stable prior to IORO ! 320* 
27 TdCr(IORQf) Clock t to IORO |! Delay ~— 
28 TdCfIORQr) Clock | to IORO t Delay — 


29 TdD(WRf) Data Stable prior to WR } 190* 
30 —-TdCf(WRf) —— Clock | to WR |! Delay 

31 TwWR WR Pulse Width 360* 
32 TdCfi(WRr) Clock | to WR t Delay — 
33 TdD(WRf) Data Stable prior to WR | 20* 
34 TdCr(WRf) Clock t to WR ! Delay — 
35——TdWRr(D) Data Stable from WR t———————- 120” 
36 TdCt(HALT) Clock | to HALT t or | — 
37. TwNMI NMI Pulse Width 80 


38 TsBUSREQ(Cr) BUSREQ Setup Time to Clock 1 80 


* For clock peniods other than the minimums shown 1n the table, 
calculate parameters using the expressions 1n the table on the 
following page. 

7 Units in nanoseconds (ns) All timings are preliminary and 
subject to change. 


Z80A CPU 

Max Min Max 

250* 
LiG* 

2000 110 = 2000 
30 — 30 
30 30 

145 ~ 110 
= 65* 
100 —_ 85 
100 — 85 
LLO* 
— 220* — 
100 — 85 
130 — 95 
100 — 85 
35 
0 — 0 
25 70 7 
0 — 0 
130 — 100 
130 100 
180 — 130 
150 — 120 
110 — 85 
100 — 85 
50 
— 180* — 
90 _ 75 
110 — 85 
as 80* — 
90 80 
— 220* — 
100 — 80 
ae Oe 
80 _ 65 
60* 
300 — 300 
= 80 = 
= 50 = 


Z80B CPUT 
Min Max 
165* 

65* 

65 2000 

— 20 

20 - 

— 90 

35*  — 
—_ 70 
wo 70 
65* 

135" — 

— 70 

— 80 

— 70 

30 
— 0 
60 — 

— 0 

— 80 

80~ 

— 110 

— 100 

— 70 

— 70 

4Q——____ 

110" — 

— 65 

— 70 

29° = 
70—- 

135% — 

—_ 70 

-55* — 

—_ 60 

30* 

—- 260 
70 — 
50 — 
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AC Z80 CPU Z80A CPU Z80B CPUt 


Charac- Number Symbol Parameter Min Max Min Max Min Max 
teristics 
(Continued) 39 ThBUSREQ(Cr) BUSREQ Hold Time afterClochkt O — Oo — Ge -=s 
40 —— TdCr(BUSACKf) —Clock t to BUSACK | Delay —---————120 —-— 100 ——_ 90- 
41  TdCf(BUSACKr) Clock | to BUSACK t Delay — 110 — 100 — 90 
42 TdCr(Dz) Clock t to Data Float Delay — 90 — 90 — 80 
43 TdCr(CTz) Clock f to Control Outputs Float — 110 con 80 — 70 
Delay (MREQ, IORQ, RD, 
and WR) 
44 TdCr(Az) Clock t to Address Float Delay — 110 — 90 a 80 
45 —- TdCTr(A) MREO 1, IORQ t, RD t, and 160* 80* 35" 
WR t to Address Hold Time 
46 TsRESET(Cr) RESET. to Clock t Setup Time 90 — 60 — 60 — 
47 ThRESET(Cr) RESET to Clock t Hold Time — 0 — 0 — 0 
48 TsINT£(Cr) INT to Clock t Setup Time 80 — 80 — 70 — 
49. ThINTr(Cr) INT to Clock t Hold Time — 0 — 0 — 0 
50 —-TdM1{(IOROf)—MI | to IORO | Delay —-————— 920* --—_ 565* 365" 
51  TdCf(IORQf) Clock | to IORO | Delay =. M10 — 85 — 70 
52. TdCfIORQr) Clock t to IORQ t Delay — 100 a 85 = 70 
53 TdCi(D) Clock | to Data Valid Delay —- 230 — 150 — 130 
* For clock periods other than the minimums shown in the table, 
calculate parameters using the following expressions Calculated 
values above assumed TrC = TiC = 20 ns 
1 Umits in nanoseconds (ns) All timings are preliminary and 
subject to change. All timings assume equal loading on pins with 
50 pF 
Footnotes to AC Characteristics 
Number Symbol Z80 Z80A Z80B 
l Tce TwCh + TwCl + TrC + T{C TwCh + TwCl + TrC +TfC TwCh + TwCl + TrC + TiC 
2 TwCh Although static by design, Although static by design, Although static by design, 
TwCh of greater than 200 ps TwCh of greater than 200 ps TwCh of greater than 200 ys 
is not guaranteed is not guaranteed is not guaranteed 
7 ——— TdA(MREQf)—TwCh + TiC — 75 -———————TwCh + TiC - 65-———_—_——TwCh + TIC —- 50 
10 TwMREQh TwCh + TiC — 30 TwCh + TiC — 20 TwCh + TfC - 20 
ll TwMREOQ]1 TcC - 40 TcC — 30 TcC —- 30 
26 TdA(IORQf) TcC — 80 TcC — 70 TeC — 55 
29 TdD(WR1f) TcC - 210 TcC — 170 TcC —- 140 
31—— TwWR TGC. 40 See [CC = 00 re Tc = 30 
33 TdD(WRf) TwCl + TrC — 180 TwCl + TrC — 140 TwCl + TrC — 140 
35 TdWRr(D) TwCl + TrC — 80 TwCl + TrC — 70 TwCl + TrC — 55 
45 TdCTr(A) TwCl + TrC — 40 TwCl + TrC —- 50 TwCl + TrC —- 50 


50 TdM1f(IORQf) 2TcC + TwCh + TIC — 80 2IcC + TwCh + TiC — 65 2TcC + TwCh + TiC — 50 


AC Test Conditions: 


Vig = 20V VoH = 2.0 V 
Vir = 0.8 V VoL = 0.8 V 
Vinc = Voc -0.6V FLOAT = +0.5V 
Vitc = 0.45 V 
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Absolute Storage Temperature........ -~65°C to +150°C Stresses greater than those listed under Absolute Max- 
Maxiiium Temperature mum Ratings may cause permanent damage to the device. 
Rati deep fe This 1s a stress rating only; operation of the device at any 
atings under Dias ........ Specified operating range condition above those indicated in the operational sections 
Voltages on all inputs and of these specifications 1s not implied. Exposure to absolute 
outputs with respect to ground .-0.3 Vto +7 V maximum rating conditions for extended periods may affect 
Power Dissipation ...............0000. 15 W Spice te apie 
Standard The characteristics below apply for the All ac parameters assume a load capacitance 
Test following standard test conditions, unless of 100 pF. Add 10 ns delay for each 50 pF 1n- 
Conditions otherwise noted. All voltages are referenced to crease in load up to a maximum of 200 pF for 
GND (0 V). Positive current flows into the the data bus and 100 pF for address and control 
referenced pin. Available operating lines. 
temperature ranges are: 
mS* = 0°C to +70°C, pdb 
+4.75V = Voc S +5.25 V ai 
m E* = -40°C to +85°C, ease Gureur 
+4.75 V s Veo S +5.25 V ern ee 
m M* = -55°C to +125°C, - 5 
+4.5V < Voc = +5.5V re uA = 
“See Ordering Information section for package 3 
temperature range and product number 7 a = =| 
DC Symbol Parameter Min Max Unit Test Condition 
Character- 
istics Vite Clock Input Low Voltage -0.3 0.45 V 
Vinc Clock Input High Voltage Vec--6 Voec+.3 V 
Vit Input Low Voltage -0.3 0.8 V 
Vin Input High Voltage 2.0 Veco V 
VoL Output Low Voltage 0.4 V Io, = 1.8mA 
Vou Output High Voltage 2.4 V lou = -250 pA 
loc Power Supply Current 
Z80 150! mA 
Z80A 200? mA 
Z80B 200 mA 
Thy Input Leakage Current 10 pA Vin = 0 to Vac 
ILEAK 3-State Output Leakage Current in Float -10 108 pA Vout = 0.4 to Vec 
1. For military grade parts, Icc 1s 200 mA 3 A 5-Ap, D7-Dg, MREQ, IORQ, RD, and WR 
2. Typical rate for ZB80A 1s 90 mA. 
Capacitance Symbol Parameter Min Max Unit Note 
CetocKk Clock Capacitance 35 pF 
F Unmeasured pins 
Cin Input Capacitance 5 p pean iorcround 
Court Output Capacitance 10 pF 
Ta = 25°C, f = 1 MHz 
8085-029 


Ordering 
Information 


Product Package/ 

Number Temp 
Z8400 CE 
Z8400 CM 
Z8400 CMB 
Z8400 CS 
28400 DE 
Z8400 DS 
Z8400 PE 
Z8400 PS 
Z8400A GE 
Z8400A CM 


Speed 


2.5 MHz 
2.5 MHz 
2.5 MHz 
25:-MHz 
2:0 MHz 
2.5 MHz 
2.5 MHz 
2.5 MHz 
4.0 MHz 
4.0 MHz 


Description 


Z80 CPU (40-pin) 
Same as above 
Same as above 
Same as above 
Same as above 
Same as above 
Same as above 
Same as above 
Z80A CPU (40-pin) 


Same as above 


Product 
Number 
Z8400A 
Z8400A 
Z8400A 
Z8400A 
Z8400A 
Z8400A 
Z8400B 
Z8400B 
Z8400B 


Package/ 
Temp 


CMB 
ex 
DE 
DS 
PE 
PS 
CS 
DS 
PS 


Speed 


4.0 MHz 
4.0 MHz 
4.0 MHz 
4.0 MHz 
4.0 MHz 
4.0 MHz 
6.0 MHz 
6.0 MHz 
6.0 MHz 


Description 


Z80A CPU (40-pin) 
Same as above 
Same as above 
Same as above 
Same as above 
Same as above 
Z80B CPU (40-pin) 
Same as above 


Same as above 


*NOTES C = Ceramic, D = Cerdip, P = Plastic, E = -40°C to +85°C, M = -55°C to +125°C, MB = -55°C to +125°C with 
MIL-STD-883 Class B processing, S = 0°C to +70°C 
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28300 Low Power 
Z80L° CPU 
Central Processing Unit 


Product 


Uy 


2@n a 
Zilog Specification 
June 1982 

Features m The Z80L combines the high performance of ™ The Z80L microprocessors and associated 
the 280 CPU with extremely low power con- family of peripheral controllers are linked 
sumption. It has the identical pinout and by a vectored interrupt system. This system 
instruction set of the Z80. The result is may be daisy-chained to allow implementa- 
increased reliability and lower system power tion of a priority interrupt scheme. Little, if 
requirements. This dramatic power savings any, additional logic 1s required for daisy 
makes the Z80L a natural choice for both chaining. 


hand-held and battery backup applications.  Duplicatecis oi bonwenetalwaroseaand 


m@ The Z80L CPU is offered in three versions: flag registers are provided, easing the 
28300-1—1.0 MHz clock, 15 mA typical cur- design and operation of system software. 
rent consumption Two 16-bit index registers facilitate program 
Z8300-2—1.5 MHz clock, 20 mA typical cur- processing of tables and arrays. 


rent consumption 
Z8300-3—2.5 MHz clock, 25 mA typical cur- 


rent consumption 


m There are three modes of high-speed inter- 
rupt processing: 8080 compatible, non-Z80 
peripheral device, and Z80 Family 

m The extensive instruction set contains 158 peripheral with or without daisy chain. 
instructions, resulting in sophisticated data 
handling capabilities. The 78 instructions of 
the 8080A are included as a subset; 8080A 
and Z80 Family software compatibility is 
maintained. 


™@ On-chip dynamic memory refresh counter. 


SYSTEM 
CONTROL 
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CPU Z8OL CPU 
CONTROL 
0 
Z80L CPU 
1 3 
CPU 
Bus { 
CONTROL 
DATA 
BUS 
Figure 1. Pin Functions Figure 2. Pin Assignments 
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General 
Description 


The Z80L CPUs are fourth-generation 
microprocessors with exceptional computa- 
tional power. They offer high system 
throughput and efficient memory utilization 
combined with extremely low power consump- 
tion. The internal registers contain 208 bits of 
read/write memory that are accessible to the 
programmer. These registers include two sets 
of six general-purpose registers which may be 
used individually as either 8-bit registers or as 
16-bit register pairs. In addition, there are two 
sets of accumulator and flag registers. A group 
of “Exchange” instructions makes either set of 
main or alternate registers accessible to the 
programmer. The alternate set allows operation 
in foreground-background mode or it may be 
reserved for very fast interrupt response. 

The Z80L also contains a Stack Pointer, Pro- 
gram Counter, two index registers, a Refresh 
register (counter), and an Interrupt register. 
The CPU is easy to incorporate into a system 
since it requires only a single +5 V power 


INSTRUCTION 
DECODER 


+5V 


GND —» 


CLOCK —» 


CPU 
TIMING 
CONTROL 


8 SYSTEMS 5 CPU 
AND CPU CONTROL 
CONTROL ~~ INPUTS 
OUTPUTS 


CPU 
TIMING 


source, all output signals are fully decoded 
and timed to control standard memory or 
peripheral circuits, and it 1s supported by an 
extensive family of peripheral controllers. The 
internal block diagram (Figure 3) shows the 
primary functions of the Z80L processors. 
Subsequent text provides more detail on the 
Z80L I/O controller family, registers, instruc- 
tion set, interrupts and daisy chaining, CPU 
timing, and low power requirements. 


Z80L Low Power Feature. The Z80L Family 
offers state-of-the-art microprocessor perfor- 
mance with extremely low power consumption. 
Its low power requirement rivals comparable 
CMOS microprocessors. The Z80L Family's 
lower power consumption provides the ability 
to reduce system power requirements and 
enables its use in applications not previously 
possible. The Z80L is very well suited to bat- 
tery backup applications or to systems 
operating primarily on batteries in hand-held 
or portable systems. 


8-BIT 
DATA BUS 


DATA BUS 
INTERFACE 


INTERNAL DATA BUS 


ADDRESS 
LOGIC AND 
BUFFERS 


16-BIT 
ADDRESS BUS 


Figure 3. Z80L CPU Block Diagram 
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Z80L Micro- 


The Zilog Z80L microprocessor 1s the central 


of the four channels may be configured to 


processor element of a comprehensive microprocessor operate in either counter or timer mode. 
Family product family. This family works together in ™ The DMA (Direct Memory Access) con- 
most applications with minimum requirements troller provides dual port data transfer 

for additional logic, facilitating the design of operations and the ability to terminate data 

efficient and cost-effective microcomputer- transfer as a result of a pattern match. 

oe Dleae ' r @ The SIO (Serial Input/Output) controller 
Ene a ise saa provide exten- offers two channels. It 1s capable of 

a PUREE Tens ICL OPIOCCSEOr: operating 1n a variety of programmable 
ERE Ones modes for both synchronous and asyn- 

@ The PIO (Parallel! Input/Output) operates in chronous communication, including 
both data-byte I/O transfer mode (with Bi-Synch and SDLC. 
handshaking) and 1n bit mode (without m The DART (Dual Asynchronous Receiver/ 
handshaking). The PIO may be config- Transmitter) device provides low cost 
ured to interface with standard parallel asynchronous serial communication. It has 
peripheral devices such as printers, two channels and a full modem control 
tape punches, and keyboards. infartacc: 

@ The CTC (Counter/Timer Circuit) features m These peripherals will also be available in a 
four programmable 8-bit counter/timers, low power version with the exception of the 
each of which has an 8-bit prescaler. Each DMA. 

Z80L CPU Figure 4 shows three groups of registers foreground data processing. The second set of 
Registers within the Z80L CPU. The first group consists registers consists of six registers with assigned 
of duplicate sets of 8-bit registers: a principal functions. These are the I (Interrupt Register), 
set and an alternate set (designated by ' the R (Refresh Register), the IX and IY (Index 

[prime], e.g., A’). Both sets consist of the Registers), the SP (Stack Pointer), and the PC 

Accumulator Register, the Flag Register, and (Program Counter). The third group consists of 

six general-purpose registers. Transfer of data two interrupt status flip-flops, plus an addi- 

between these duplicate sets of registers is tional pair of flip-flops which assists in identi- 
accomplished by use of “Exchange” instruc- fying the interrupt mode at any particular 
tions. The result is faster response to interrupts time. Table 1 provides further information on 
and easy, efficient implementation of such ver- these registers. 

satile programming techniques as background- 

MAIN REGISTER SET ALTERNATE REGISTER SET 
<«————- 8 BITS —————_————_> 
—_————————_$___§|_—— 16 BITS ————— ——— —  —  __—r INTERRUPT FLIP-FLOPS STATUS 
1 = INTERRUPTS ENABLED DURING NMI 
SERVICE 
SP STACK POINTER 
[=] 
1 0 INTERRUPT MODE 14 
1 1 INTERRUPT MODE 2 
.*——— 8 BITS —_—> 
Figure 4. CPU Registers 
2001-0213 
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Z80L CPU Register Size (Bits) Remarks 
Registers A, A’ Accumulator 8 Stores an operand or the results of an operation. 
(Continued) 

ae Flags 8 See Instruction Set. 

B, B’ General Purpose 8 Can be used separately or as a 16-bit register with C. 

Cae General Purpose 8 See B, above. 

D, D’ General Purpose 8 Can be used separately or as a 16-bit register with E. 

E, E’ General Purpose 8 See D, above. 

H, H’ General Purpose 8 Can be used separately or as a 16-bit register with L. 

|e General Purpose 8 See H, above. 

Note: The (B,C), (D,E), and (H,L) sets are combined as follows: 
B — High byte C — Low byte 
D — High byte E — Low byte 
H — High byte L— Low byte 

I Interrupt Register 8 Stores upper eight bits of memory address for vectored interrupt 
processing. 

R Refresh Register 8 Provides user-transparent dynamic memory refresh. Automatically 
incremented and placed on the address bus during each 
instruction fetch cycle. 

IX Index Register 16 Used for indexed addressing. 

IY Index Register 16 Same as IX, above. 

SP Stack Pointer 16 Holds address of the top of the stack. See Push or Pop 1n instruc- 
tion set. 

PC Program Counter 16 Holds address of next instruction. 

IFF)-IFF> Interrupt Enable Flip-Flops Set or reset to indicate interrupt status (see Figure 4). 

IMFa-IMFb Interrupt Mode Flip-Flops Reflect Interrupt mode (see Figure 4). 

Table 1. Z80L CPU Registers 
Interrupts: The CPU accepts two interrupt input signals: @ Mode |] — Peripheral Interrupt service, for 
General NMI and INT. The NMI is a non-maskable use with non-8080/Z80 systems. 
Operation interrupt and has the highest priority. INT is a m Mode 2 — a vectored interrupt scheme, 


30 


lower priority interrupt and it requires that 
interrupts be enabled in software in order to 
operate. INT can be connected to multiple 
peripheral devices in a wired-OR 
configuration. 

The Z80L has a single response mode for 
interrupt service for the non-maskable inter- 
rupt. The maskable interrupt, INT, has three 
programmable response modes available. 
These are: 


m Mode 0 — compatible with the 8080 micro- 
processor. 


usually daisy-chained, for use with Z80 
Family and compatible peripheral devices. 


__The CPU services interrupts by sampling the 
NMI and INT signals at the rising edge of the 
last clock of an instruction. Further interrupt 
service processing depends upon the type of 
interrupt that was detected. Details on inter- 
rupt responses are shown in the CPU Timing 
Section. 


Interrupts: 
General 
Operation 
(Continued) 


Non-Maskable Interrupt (NMI). The non- 
maskable interrupt cannot be disabled by pro- 
gram control and therefore will be accepted 
all times by the CPU. NMI is usually reserved 
for servicing only the highest priority type 
interrupts, such as that for orderly shutdown 
after power failure has been detected. After 
recognition of the NMI signal (providing 
BUSREQ is not active), the CPU jumps to 
restart location OO66H. Normally, software 
starting at this address contains the interrupt 
service routine. 


Maskable Interrupt (INT). Regardless of the 
interrupt mode set by the user, the Z80L 
response to a maskable interrupt input follows 
a common timing cycle. After the interrupt has 
been detected by the CPU (provided that 
interrupts are enabled and BUSREQ is not 
active) a special interrupt processing cycle 
begins. This is a special fetch (M1) cycle in 
which IORQ becomes active rather than 
MREQ, as in a normal M1 cycle. In addition, 
this special M1 cycle 1s automatically extended 
by two WAIT states, to allow for the time 
required to acknowledge the interrupt request 
and to place the interrupt vector on the bus. 


Mode 0 Interrupt Operation. This mode is 
compatible with the 8080 microprocessor inter- 
rupt service procedures. The interrupting 
device places an instruction on the data bus. 
This is normally a Restart Instruction, which a 
call will initiate a call to the selected one of 
eight restart locations in page zero of memory. 


Mode | Interrupt Operation. Mode 1 oper- 
ation is very similar to that for the NMI. The 
principal difference is that the Mode 1 inter- 
rupt has a vector address of 0038H only. 


Mode 2 Interrupt Operation. This interrupt 
mode has been designed to utilize most effec- 
tively the capabilities of the Z80L microproc- 
essor and its associated peripheral family. The 
interrupting peripheral device selects the 
starting address of the interrupt service 
routine. It does this by placing an 8-bit vector 
on the data bus during the interrupt 
acknowledge cycle. The CPU forms a pointer 
using this byte as the lower 8 bits and the con- 
tents of the I register as the upper 8 bits. This 
points to an entry in a table of addresses for 
interrupt service routines. The CPU then calls 
the routine at that address. This flexibility in 
selecting the interrupt service routine address 
allows the peripheral device to use several dif- 
ferent types of service routines. These routines 


may be located at any available location in 
memory. Since the interrupting device sup- 
plies the low-order byte of the 2-byte vector, 
bit 0 (Ag) must be a zero. 


Interrupt Priority (Daisy Chaining and 
Nested Interrupts). The interrupt priority of 
each peripheral device is determined by its 
physical location within a daisy-chain config- 
uration. Each device in the chain has an inter- 
rupt enable input line (IEI) and an interrupt 
enable output line (IEO), which is fed to the 
next lower priority device. The first device in 
the daisy chain has its IE] input hardwired to a 
High level. The first device has highest priori- 
ty, while each succeeding device has a cor- 
responding lower priority. This arrangement 
permits the CPU to select the highest priority 
interrupt from several simultaneously interrup- 
ting peripherals. 

The interrupting device disables its IEO line 
to the next lower priority peripheral until it has 
been serviced. After servicing, its IEO line is 
raised, allowing lower priority peripherals to 
demand interrupt servicing. 

The Z80L CPU will nest (queue) any pending 
interrupts or interrupts received while a 
selected peripheral is being serviced. 


Interrupt Enable/Disable Operation. Two 
flip-flops, IFF, and IFF2, referred to in the 
register description are used to signal the CPU 
interrupt status. Operation of the two flip-flops 
is described in Table 2. For more details, refer 
to the Z80 CPU Technical Manual and Z80 
Assembly Language Manual. 


Action IFF, IFF2 Comments 
CPU Reset 0 0 Maskable interrupt 
INT disabled 
DI instruction 0 0 Maskable interrupt 
execution INT disabled 
EI instruction ] ] Maskable interrupt 
execution INT enabled 
LD A|I instruction e e IFF> — Parity flag 
execution 
LD A,R instruction e e IFF> — Parity flag 
execution 
Accept NMI QO IFF, IFF) — IFF2 
(Maskable inter- 
rupt INT disabled) 
RETN instruction IFF7 IFF2 — IFF) at 
execution completion of an 
NMI service 
routine. 


Table 2. State of Flip-Flops 
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Instruction 


Set 


The Z80L microprocessor has one of the most 
powertul and versatile instruction sets 
available in any 8-bit microprocessor and 
identical to that of the Z80. It includes such 
unique operations as a block move for fast, 
efficient data transfers within memory or 
between memory and I/O. It also allows opera- 
tions on any bit in any location in memory. 

The following is a summary of the Z80L 
instruction set and shows the assembly 
language mnemonic, the operation, the flag 
status, and gives comments on each instruc- 
tion. The Z80 CPU Technical Manual 
(03-0029-XX) and Assembly Language 
Programming Manual (03-0002-XX) 
contain significantly more details for 


O 16-bit arithmetic operations 

O Rotates and shifts 

O Bit set, reset, and test operations 
O Jumps 

O Calls, returns, and restarts 

O Input and output operations 


A variety of addressing modes are 
implemented to permit efficient and fast data 
transfer between various registers, memory 
locations, and input/output devices. These 
addressing modes include: 


O Immediate 


O Immediate extended 


programming use. Ol Modified page zero 
ee in Table 2 are divided into ai Relative 
the tollowing categories: 
ee i : O Extended 
() &-bit loads 
_ O Indexed 
CO 16-bit loads 
O Register 
O Exchanges, block transfers, and searches ee 
O Register indirect 
O 8-bit arithmetic and logic operations 
O Imphed 
O General-purpose arithmetic and CPU 
O Bit 
control 
8-Bit Symbolic Flags Opcode No.of No.of M No.of T 
Load Mnemonic Operation Ss Z H P/V N C 76 543 210 Hex Bytes Cycles States Comments 
Group LDr, r'‘ r-r X xX Ol <tr> or’ ] 1 4 r,r' Reg 
LD r,n r<n ° X X ° 00 r 110 2 2 7 000. B 
—-n— 001 Cc 
LD r, (HL) r — (HL) e X * XK e# »® 01 r 110 1 2 7 010 D 
LD r, (IX+d) r-— (IX+d) ° X © X e 11011 101 DD 3 5 19 Oll o£ 
Ol r 101 100 4H 
ee 101 L 
LDr, (I¥+d)  r— (IY+d) ee X © X e e e 31211101 FD 3 5 19 lll oA 
01 r 110 
-d-—- 
LD (HL), r (Hit ° © X e X 01110 r l 2 7 
LD (IX+d),r  (IX+d) —r ° © X e X ° 11011 101 DD 3 5 19 
Oi 110 r 
~d—-— 
LD(IY+d),r (1¥+d)—r ee X ¢ X e © © 11111101 FD 3 5 19 
O1 110 r 
-d- 
LD (HL), n (HD 2% ° « X © X © e e (0110110 36 2 3 10 
es 
LD (IX+d),n (IX+d)—n ee X © X © e e 1313011101 DD 4 5 19 
00 110 110 36 
-d- 
nes 
LD(IY+d),n (IY+d)—n ee X © X © e e 33111101 FD 4 5 19 
00 110110 36 
~d-— 
-n- 
LDA, (BC) A -— (BC) 7 © X © X © « 00001010 OA 1 2 7 
LD A,(DE) A — (DE) © «© X © X « « 00011010 1A 1 2 7 
LD A, (nn) A — (nn) ° «© X © X @ 00111010 3A 3 4 13 
-n—~ 
-n~ 
LD(BC),A  (BC)—A °° X « xX 00 000 010 02 2 7 
LD(DE),A (DE)-A °° X e X 00010010 12 1 2 7 
LD (nn), A (nn) ~ A ° « X © X © © e (0110010 32 3 4 13 
~-~ ni 
~-~n- 
(pA Am t t X O X IFF 0 e® 11101101 ED 2 2 9 
01010 111 57 
LD A, R Keak t t X O X IFF 0 ¢ 11101101 ED 2 2 9 
01011 111 5F 
LDI,A I-A ° « X e X © e e 11101101 ED 2 2 9 
01.000 111 47 
LDR, A one | oe X © X © e © 113101101 ED 2 2 9 


01 001 111 4F 


NOTES r, r’ means any of the registers A, B, C, D, E, H, L 
IFF the content of the interrupt enable flip flop, (IFF) 1s 
copied into the P/V flag 
For an explanation of flag notation and symbols for 
mnemonic tables, see Symbolic Notation section 
following tables 
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16-Bit Load Symbolic Flags Opcode No.of No.of M No.of T 
Gr oup Mnemonic Operation Ss H P/V N C 76 543 210 Hex Bytes Cycles States Comments 
LD dd, nn dd -— nn ° X e« X e e 00 ddd 001 3 3 10 dd Pair 
-n- 00 BC 
—-n- 01 DE 
LD IX, nn IX — nn ° X © X #© ee @ 1] 011 101 DD 4 4 14 10 HL 
00 100 001 21 1] SP 
_ n —s 
— n — 
LD IY, nn IY — nn e X e X e© ee e@ 1] 111 101 FD 4 4 14 
00 100 00] 21 
— n _ 
— n _ 
LD HL, (nn) H — (nn+1) ° X © X ee e e@ 00 101 010 2A 3 5 16 
L = (nn) -n- 
_ n — 
LD dd, (nn) ddy -— (nn+1) ° X e X @# @ @ 11 101 10] ED 4 6 20 
daddy, — (nn) 01 ddl 01) 
— n —_ 
— n — 
LD IX, (nn) IXy — (nn+1) e X e« X e© @ e@ 11 011 101 DD 4 6 20 
IX, — (nn) 00 101 010 2A 
—_ n _ 
_— n — 
LD IY, (nn) IYH -— (nn+1) ° X e¢ X @ @ @ 11 111 101 FD 4 6 20 
IY, — (nn) 00 101 010 2A 
_ n Sma 
_ n oa 
LD (nn), HL (nn+1)—-H ° X e X e # e 00 100 010 22 3 5 16 
(nn) -— L -n- 
— n — 
LD (nn), dd (nn+1) — ddy ° Xx e° X 8® # ® 11 101 101 ED 4 6 20 » 
(nn) ~ ddy, 01 ddO 01) 
_ n ~ 
— n te 
LD (nn), IX (nn+1) — IXq e X e X ¢@ e 11 011 101 DD 4 6 20 
(nn) — IXy 00 100 010 22 
—_ n _ 
_ n ee 
LD (nn), IY (nn+1) — IYy e X e« X ¢ e@ 1] 111 101 FD 4 6 20 
(nn) — IY, 00 100 010 22 
_ n _ 
~_ n — 
LD SP, HL SP — HL X X ¢* e 1] 111 001 F9 ] 1 6 
LD SP, IX SP — IX xX x 1] 011 101 DD 2 2 10 
11 111 001 F9 
LD SP, IY SP — IY ° X * X e¢ # @ 11 111 101 FD 2 2 10 
11 111 001 F9 qq Pair 
PUSH qq (SP -2) — qq ° X e« X e @ e@ 11 qqQ 101 ] 3 1] 00 BC 
(SP-1) — qqy 01 DE 
SP ~ SP -2 10 HL 
PUSH IX (SP -2) — [Xp e X e* X @ e 11 011 101 DD 2 4 15 11] AF 
(SP-1) — Xp 11 100 101 ES5 
SP — SP -2 
PUSH IY (SP-2) — IY, ° X e X ee e 1] 111 101 FD 2 4 15 
(SP-—1) — IYy 11 100 101 ES 
SP — SP -2 
POP qq qayH — (SP +1) e X «© X ¢e e@ 11 qqO 001 | 3 10 
gay - (SP) 
SP — SP +2 
POP IX IXy -— (SP +1) e X e X e @ 11 011 101 DD 2 4 14 
[Xp — (SP) 1] 100 001 El 
SP — SP +2 
POP IY IYy — (SP+1) e X e X ¢ @ 11 111 101 FD 2 4 14 
IY, — (SP) 11 100 00] E) 
SP — SP +2 
NOTES dds any of the register pairs BC, DE, HL, SP 
qq 1s any of the register pairs AF, BC, DE, HL 
(PAIR)y, (PAIR), refer to high order and low order eight bts of the register pair respectively, 
eg,BCy, = C, AFH =A 
Exchange, EX DE,HL DE ~ HL X X ° 11 101 O11 EB 1 4 
Block EX AF, AF’ AF — AF’ X xX e 00 001 000 08 1 4 
EXX BC + BC’ X xX ° 11 011 001 D9 l 4 Register bank and 
Transfer, DE — DE’ auxihary register 
HL + HL’ bank exchange 
Block Search py (sp) ui - (SP +1) . X © Xe ¢ © 11 100 011 E3 5 19 
Groups L ~ (SP) 
EX (SP), IX IXy + (SP +1) ° X e« X e@© ¢ e@ 11 011 101 DD 6 23 
IX, + (SP) 11 100 011 E3 
EX (SP), IY IYy ~ (SP +1) ° X e« X e @ @ 11 111 101 FD 6 23 
IY, = (SP) 11 100 011 E3 
© 
LDI (DE) — (HL) e X O X t 0 e 11 101 101 ED 4 16 Load (HL) into 
DE — DE+1 10 100 000 AO (DE), increment 
HL — HL+1 the pointers and 
BC — BC-1 decrement the byte 
counter (BC) 
LDIR (DE) — (HL) X O X 0 0 11 101 101 ED 5 21 If BC # 0 
DE — DE+1 10 110 000 BO 4 16 If BC =0 
HL — HL+1 
BC — BC-1 
Repeat unt] 
BC = 0 
NOTE @ P/V flag is 0 if the result of BC-1 = 0, otherwise P/V = 1 
2001-001 33 
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Exchange, Symbolic Flags Opcode No.of No.of M No.of T 
Block Mnemonic Operation S Z H P/V N C 76 543 210 Hex Bytes Cycles States Comments 
Transfer, 0) 
LDD (DE) — (HL) e © X 0 X 1 0 @ 11 101 101 ED 16 
Block Search DE — DE-1 10 101 000 A8 
Groups HL — HL-1 
(Continued) Bee eed 
LDDR (DE) — (HL) * 6* X 0 X 00 6 11 101 101 ED 21 If BC # 0 
DE — DE-1 10 111 000 B8 16 If BC = 0 
HL — HL-1 
BC — BC-1 
Repeat unt:] 
BC = 0 
@ @ 
CPI A - (HL) fork ef Eos 11 101 101 ED 16 
HL — HL+1 10 100 001 Al 
BC ~ BC-1 
@ ® 
CPIR A ~ (HL) a ae X t 1 e 11 101 101 ED 21 If BC # Oand 
A # (HL) 
HL — HL+1 10 110 001 Bl 16 If BC = Oor 
BC — BC-1 A = (HL) 
Repeat until 
A = (HL) or 
BC = 0 
@ ® 
CPD A - (HL) td Ee SR A 11 101 101 ED 16 
HL + HL-1 10 101 001 AQ 
BC — BC-1 
@ @ 
CPDR A - (HL) PF SOE cE Be 11 101 101 ED 21 If BC # Oand 
A # (HL) 
HL — HL-1 10 111 001 B9 16 If BC = Oor 
BC — BC-1 A = (HL) 
Repeat until 
A = (HL) or 
BC = 0 
NOTES @) P/V flag 1s 0 if the result of BC—1 = 0, otherwise P/V = 1 
@z flag is ] if A = (HL), otherwmse Z = 0 
8-Bit ADD A,r A-A¢+r ye BOT Oy or He, a0 r r Reg 
Arithmetic ADD A, n A-A+tn ee a Rc 11 110 000 B 
and Logical oo 010 D 
Group ADD A, (HL) A—A + (HL) t+ X t X¥ VO ¢ — 10f68G} 110 7 OWE 
ADD A, (IX+d) A— A + (IX+d) ea EO RO eo A 11 011 101 DD 19 100 H 
10 (000) 110 10k 
= i¢@i lll A 
ADD A, (IY+d) A—A + (IY +d) i> oh. PR ee A 2 11 111 101 FD 19 
10 {000} 110 
ae ee 
ADC A, s A -— A+s+CY t t X t XK V OO ¢f 001 soiree . 
(HL), (IX+d), 
SUB s A-A-s (ke SS, AXE Ue Os 84 (ved) de chown 
SBC A, s A -— A-s-CY P > ho Ue fe Ke OW oP St Ol} for ADD instruction 
AND s |e eae pa ke a Xe Br or 100 ae re the Boa} 
replace the in 
ons gas Bes SU ae es 20 the ADD set above 
XOR s A-A@s b 2% OR Po 0 TOI 
CP s A-s i ai tae Re TI 
INC r r-r+ 1] t+ t X t+ X V O e 00 r {100 4 
INC (HL) (HL) —(HL) +1 tt X t X V Oe 00 110 f00) ll 
INC (IX+d) (IX+d) — at X t X¥ V Oe 11 011 101 DD 23 
(IX+d) +1 00 110 [£00] 
ye oa = 
INC (IY+d) (IY +d) aye (i, 2X EO “8 11 111 101 FD 23 
(IY +d) +} 00 110 ff00] 
avd: es 
DEC m m-m-1 t +: X t XK V 1 oe 10] mis any of r, (HL), 


(IX +d), (IY +d) 
as shown for INC 
DEC same format 
and states as INC. 
Replace with 


101} in opcode 
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General- Symbolic Flags Opcode No.of No.of M No.of T 
Purpose Mnemonic Operation S$ Z H P/V N C 76 $43 210 Hex Bytes Cycles States Comments 
Arithmetic DAA Converts acc content {! %! X {t{ X P e 4 00 100 111 27 l l 4 Decimal adjust 
into packed BCD accumulator 
and following add or 
subtract with packed 
CPU Control BCD epetand 
Groups CPL A-A ee X 1X © 1 ¢ OO10l11 2 1 4 Complement 
accumulator (one’s 
complement). 
NEG A-O-A t ¢ X t+ X V1 st 11 101 101 ED 2 2 8 Negate acc. (two's 
a 01 000 100 44 complement) 
CCF CY — CY ee X X K #© O 4 00 111 111 3F l l 4 Complement carry 
flag 
SCF CY — ] ee e@« X 0 X @e 0 1 00 110 111 37 1 l 4 Set carry flag 
NOP No operation e ee X © X ee ee @ 00 000 000 00 l ] 4 
HALT CPU halted e e@« X © X e# ee @ 01 110 110 76 1 ] 4 
DI * IFF — 0 e « X © X e @ @ 11 110 011 F3 ] l 4 
EI * IFF — 1 eo ee X © X ee e @ 11 111 01] FB l 1 4 
IM 0 Set interrupt e © X © X ee e @ 11 101 10] ED 2 2 8 
mode 0 O01 000 110 46 
IM 1 Set interrupt e ee X © X ee e @ 11 10) 10) ED 2 2 8 
mode 1 01 010 110 56 
IM 2 Set interrupt e @« X e KX @© e@ @ 11 101 10) ED 2 2 8 
mode 2 01 011 110 SE 
NOTES _IFF indicates the interrupt enable flip-flop 
CY indicates the carry flip-flop 
* indicates interrupts are not sampled at the end of EI or DI 
16-Bit ADD HL,ss HL —HL¢+ss ° ¢ X X X © 0 ¢  0ss1 001 1 3 1] ss_Reg. 

s s 00 BC 
Arithmetic ADCHL,ss HL—HL+ss+CY 1 + X X X VO ft 11101101 ED 2 4 15 Ol_~DE 
Group 01 ssi 010 10 HL 

11 SP 
SBC HL, ss HL — HL-ss-CY t t X X XK V 1% 11 101 101 ED 2 4 15 
01 ssO O10 
ADD IX, pp IX — IX + pp e « X X X © 0 } 11 011 101 DD 2 4 15 pp Reg 
01 ppl 001 00 6B 
01 DE 
10 IX 
11 SP 
ADD IY, rr TY — IY + rr e e« X X X @e Q 4 11 111 101 FD 2 4 15 rr Reg 
00 rrl 001 00 BC 
01 DE 
10 IY 
11 SP 
INC ss ss — ss + ] ee e©« X¥ © X @ @ @ 00 ssO 011 1 ] 6 
INC IX IX — IX + 1 * © X © KX © e @ 11 011 101 DD 2 2 10 
00 100 011 23 
INC IY IY - IY + 1 ee e X © X e® e e@ 11 111 101 FD 2 2 10 
00 100 011 23 
DEC ss ss — ss— | e e@« X¥ © X © @ @ 00 ssl 011 1 1 6 
DEC IX IX — IX-1] eo *« X © X e# © @ 11 011 101 DD 2 2 10 
00 101 011 2B 
DEC IY IY — IY-1] eo e@« X © KX © e @ 1] 111 101 FD 2 2 10 
00 101 011 2B 
NOTES _ ss 1s any of the register pairs BC, DE, HL, SP 
pp 1s any of the register pairs BC, DE, IX, SP 
rr is any of the register pairs BC, DE, IY, SP 
Rotate and 
Shift Group —-RLCA Po © © X 0 X © 0 ¢ COOKIN O07 4 Rotate left circular 
A accumulator 
RLA 7——0 ° ¢ X 0 X © O : OOOO] 17 4 Rotate left 
A accumulator 
RRCA ee © X 0 X *© 0 3 00 001 111 OF 4 Rotate nght circular 
A accumulator 
RRA 7—— 0 © xX 0 KX ©. 7 4 00 011 111 IF 4 Rotate right 
A accumulator 
RLC r t t X O X P O 4 11 001 011 CB 8 Rotate left circular 
00 r register r 
RLC (HL) t + X 0 X PO f 11001011 CB 15 £ Reg 
000 B 
00 [009] 110 001 oC 
RLC (IX +d) 1 + X 0 X PO 4 Olio DD a a 
r,(HL),(IX + d), (IY +d) 11 001 011 CB 100 H 
= ds 
10) L 
00 110 lll A 
RLC (IY +d) t+ t X O X P O 4 11 111 101 FD 23 
11 001 011 CB 
an) di. cS 
Instruction format 
00 110 and states are as 
RLm en Se? ee © <a © shown for RLC’s 
ma r,(HL),(IX +d), (IY +d) To form new 
opcode replace 
RRC m 1+ X¥ 0X POF OO aeapea 


maer,(HL),(IX +d),(IY +d) 


with shown code 
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Ad) ~ 108Z 


Rotate and Symbolic Flags Opcode No.of No.of M No.of T 
Shift Group Mnemonic Operation S 2Z H P/V N C 76 543 210 Hex Bytes Cycles States Comments 
(Continued) 
RR m tt X¥ 0 X PO Ol 
m#r,(HL),(IX + d),(1Y +d) 
SLA m o ; + X OX POY TOO 
m#r,(HL),(1X +d),(IY + d) 
SRA m gg eee Bp i I ee UP ce 10] 
m=r,(HL),(IX + d),(IY +d) 
SRL m o-[7——-o0 }—-[cy] ; + xX 0 X POY ii 
m#r,(HL),(IX +d), (IY +d) 
RLD 7-4[3-0} [7-4[3-0o] } 3: xX O X P O e 21101101 ED 2 5 18 Rotate digit left and 
A (HL) Ql 10) 111 6F nght between 
the accumulator 
and location (HL) 
RRD rt t X oO X P O ©® 21101101 ED 2 5 18 The content of the 
A (HL) 01 100 11] +67 upper half of 
the accumulator is 
unaffected 
Bit Set. Reset sirb,; ZT X + X 1 X X¥ 0 © 11001011 CB 2 2 8 r___ Reg 
and Test _ santas i 
BIT b, (HL) Z - (HL)p X t X 1 X X O ®@ 11 001 011 CB 2 3 12 001 C 
Group 01 b 110 010 D 
BIT b, (IX+d), Z — (IX+d)p X t+ X 1 X XK 0 e@ 11 011 101 DD 4 5 20 O11 E 
11 001 011 CB 100 H 
- d- 101 L 
01 b 110 lll A 
b Bit Tested 
BIT b, IT¥+d), Z— (IY +d)p X t+ X 1 X X 0 ®@ 11 111 101 FD 4 5 20 000 0 
11 001 011 CB 001 1 
a. aes 010 2 
01 b 110 011 3 
100 4 
101 5 
110 6 
lll 7 
SET b, r Th | ee e X «© KX ee e e@ 11 001 011 CB 2 2 8 
b or 
SET b, (HL) (HL)p — 1 ee «© X e© X © @ @ 11 001 011 CB 2 4 15 
b 110 
SET b, (IX+d) (IX+d)p — 1 e «© X © X © & @ 11 011 101 DD 4 6 23 
11 001 011 CB 
se GAS cas 
fy b 110 
SET b, (I¥+d) (I¥+d)p - 1 e © X © KX 8 e @ 11 111 101 FD 4 6 23 
11 001 011 CB 
Serge se 
ff] b 110 
RES b, m Mp - 0 ee e©« X © KX # @ @ To form new 
m mr, (HL), opcode replace 
(IX +d), of SET b, s 
(IY +d) 
with Flags 
and time states for 
SET instruction. 
NOTES The notation mp indicates bit b (0 to 7) or location m 
Jump JP nn PC — nn oe X © X © © © 11000011C3 3 3 10 
= n — 
Group - n- cc Condation 
JP cc, nn If condition cc is eo e X © X e@ e@ @ ll ce 010 3 3 10 000 NZ non-zero 
true PC — nn, - n-— 001 Z zero 
otherwise - n- 010 NC non-carry 
continue 011 C carry 
100 PO parity odd 
101 PE panity even 
110 P sign positive 
JRe PC — PC+e ee e« X e KX © e@ @ 00 011 000 18 2 3 12 111 M_ sign negative 
- e-2 ~~ 
IR C,e lfiC = 0, eo e X © X e @ @ 00 111 000 38 2 2 7 If condition not met 
continue -e-2—- 
IfC = 1, 2 3 12 If condition is met 
PC ~ PC +e 
JR NC, e fC = 1, e © X © X © e@ e@ 00 110 000 30 2 2 7 If condition not met. 
continue -e-2—- 
If C = 0, 2 3 12 If condition 1s met. 
PC + PC+e 
JP Z,e IfZ = 0 ee @« X¥ © K e ee e 00 101 000 28 2 2 7 If condition not met. 
continue ~e-2— 
IfZ = 1, 2 3 12 If condition 1s met 
PC — PC+e 
JR NZ, e ifZ = 1, eo e X «© X e© ee e 00 100 000 20 2 2 7 If condition not met 
continue -e-2—- 
If Z = 0, 2 3 12 If condition is met 
PC — PC+e 
JP (HL) PC — HL ee e X¥ © XK ee © @ 11 101 001 E9 l ] 4 
IP (IX) PC — IX « © X¥ © X © © @ 1] 011 101 DD 2 2 8 


11 101 001 EQ 
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Jump Group Symbolic Flags Opcode No.of No.of M No.of T 
Mnemonic Operation H P/V N C 76 543 210 Hex Bytes Cycles States Comments 
(Continued) 
JP (IY) PC — IY X e XK # oe @ 11 111 101 FD Z 2 8 
11 101 001 E9 
DJNZ, e B- B-1 X e X ee ee e@ 00 010 000 10 2 2 8 fB=0 
IfB = 0, -e-2- 
continue 
IfB # 0, 2 3 13 HB#0 
PC — PC+e 
NOTES _ e represents the extension in the relative addressing mode 
e is a signed two's complement number in the range < -—126, 129 > 
e- 2 1n the opcode provides an effective address of pc +e as PC is incremented 
by 2 prior to the addition of e 
Call and CALL nn (SP-1) — PCy Xe X ¢© e e 11001101 CD 3 5 17 
(SP -2) + PCy - n- 
Return Group gages oe ae 
CALL ce, nn If condition X e X ee e e 11 ce 100 3 3 10 If cc 1s false 
cc is false — ne = 
continue, - n= 3 5 17 If cc 1s true 
otherwise same as 
CALL nn 
RET PCy — (SP) X e« X e e e@ 11 001 001 C9 ] 3 10 
PCy + (SP +1) 
RET cc If condition X e X e© # @ 11 cc 000 1 1 5 If cc 1s false 
ce 1s false 
continue, 1 3 ll If cc is true 
etsy cc Condition 
000 NZ non-zero 
RET 001 Z zero 
RETI Return from Xe Xe e© e 11101101 ED 2 4 ee eee a 
interrupt 01 001 101 4D 100 PO panty odd 
RETN! Return from X © X ¢ ¢ e 11101101 ED 2 4 1S “oy Be panty exer 
non-maskable 01 000 101 45 110 P sign positive 
interrupt 111M sign negative 
RST p (SP-1) — PCy X e« X e® e® @ ll t ill 1 3 ll t p 
(SP —2) — PCy, 000 OOH 
PCy ~— 0 001 O8H 
PCL -p 010 10H 
011 18H 
100 20H 
101 28H 
110 30H 
111 38H 
NOTE 'RETN loads IFF2 — IFF) 
Input and IN A, (n) A = (n) X ¢ X © © e 11011011 DB 2 é il nto Ag ~ Aq 
- n= Acc to Ag ~ Ajs 
Output Group 4. © r+ (C) X 1+ X PO * 2l10ll0lED 2 3 ie Cheap = Ae 
ifr = 110 only the 01 r 000 B to Ag ~ Ajs 
flags will be affected 
INI (HL) — (C) X X XK X ¢ X 11 101 101 ED 2 4 16 Cto Ag ~ Az 
B-— B-1 10 100 010 A2 B to Ag ~ Ais 
HL — HL + 1 
INIR (HL) — (C) X X X XK ¢ X 11 10] 101 ED 2 5 21 C to Ag ~ Az 
B— B-1 10 110 010 B2 (If B#0) B to Ag ~ Ajs 
HL — HL + 1 2 4 16 
Repeat until (If B=0) 
B=0 
IND (HL) — (C) X X X XK ¢t X 11 101 101 ED 2 4 16 C to Ag ~ Az 
B-B-1l 10 101 010 AA B to Ag ~ Ajs 
HL — HL-1 
INDR (HL) — (C) X X X X ¢t X 11 101 101 ED 2 5 21 C to Ag ~ Az 
B- B-1 10 111 010 BA (If B#0) B to Ag ~ Ajs 
HL + HL-1 2 4 16 
Repeat until (If B=0) 
B=0 
OUT (n), A (n)-A X e X ee f X 11 010 011 D3 2 3 ll nto Ag ~ A7 
- n- Acc to Ag ~ Ajs 
OUT (C), r (C)-r X © XK © ¢ X 11 101 101 ED 2 3 12 C to Ag ~ Az 
01 r 001 Bto Ag ~ Ajs 
OUTI (C) + (HL) X X X X ¢ X 1] 101 101 ED 2 4 16 C to Ag ~ Az 
B+ B-1 10 100 011 A3 B to Ag ~ Ajs 
HL + HL + 1 
OTIR (C) — (HL) X X XK X ¢t Xk 11 101 101 ED 2 5 21 Cto Ag ~ Az 
B- B-] 10 110 011 B3 (If B#0) B to Ag ~ Aj5 
HL — HL + 1 2 4 16 
Repeat until (If B=0) 
B=0 
OUTD (C) — (HL) X X X X ¢t X 11 101 101 ED 2 4 16 C to Ag ~ Az 
B- B-1 10 101 011 AB B to Ag ~ Ajs 
HL + HL~1 


NOTE @ If the result of B— 1 1s zero the Z flag 1s set, otherwise it 1s reset 


Q) N Flag is 1 if data bit 1s 1, othewise N Flag is 0 
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Input and Symbolic Flags Opcode No.of No.of M No.of T 
Output Gr oup Mnemonic Operation S$ 2 H P/V N C 76 543 210 Hex Bytes Cycles States Comments 
(Continued) OTDR (C) — (HL) wo XE CX Re a RN ALAMO) ED. -2 5 21 Cto Ag ~ A7 
B-B-] 10 111 O11 (If B#0) Bto Ag ~ Ajs 
HL — HL-] 2 4 16 
Repeat until (If B=0) 
B= 0 
Summary of Dy D 
Flag Instruction S Z H P/V N C Comments 
Operation ADD A, s, ADC A, s ' t X t XK V O 4 8-bit add or add with carry 
SUB s, SBC A, s, CPs, NEG ! ! X 3 X V1} 1 8-bit subtract, subtract with carry, compare and negate accumulator 
AND s ! t X 1 X P OQ 90 
OR s, XOR s ! ! X OG *% PRP OO Logical operations 
INC s t ! X t X V Oe 8-bit increment 
DEC s t ! X ¢t$ XK Vo] e 8-bit decrement 
ADD DD, ss ° * X X XK e¢« QO 1 16-bit add 
ADC HL, ss t ! Xx xX xX V O +4 16-bit add with carry 
SBC HL, ss t t X xX xX Voi ! 16-bit subtract with carry 
RLA, RLCA, RRA, RRCA ee e* XX O X e 0 43 Rotate accumulator 
RL m, RLC m, RR m, ! t X O xX P Q 1% Rotate and shift locations 
RRC m, SLA m, 
SRA m, SRL m 
RLD, RRD t $ X O xX P OQ e Rotate digit left and right 
DAA t t X t X Pe t Decimal adjust accumulator 
CPL e e* X 1 xX e 1 ° Complement accumulator 
SCF e e X O XK ¢ 9Q l Set carry 
CCF ° e X X XK ee Q 4 Complement carry 
IN r (C) t ! X O xX P QO e Input register indirect 
INI, IND, OUTI, OUTD X 3 X X xX XxX 1] ° 7 = 
INIR, INDR, OTIR, OTDR X 1x XxX X X ] 3} Block input and output Z = 0if B # 0 otherwise Z = 0 
com Epon : : : : : Mi : } Block transfer instructions P/V = 1 if BC # 0, otherwise P/V = 0 
CPI, CPIR, CPD, CPDR X ft X xX X 4% 1 e Block search instructions Z = 1if A = (HL), otherwise Z = 0 P/V = 1 
if BC # 0, otherwise P/V = 0 
LDA, 1, LDA,R t ! X OO X IFF 0 The content of the interrupt enable flip-flop (IFF) 1s copied into the P/V flag 
BIT b, s X t+ X 1 XK X QO The state of bit b of location s 1s copied into the Z flag 
Symbolic Symbol Operation Symbol Operation 
Notation S Sign flag. S = 1 if the MSB of the result is 1. ! The flag 1s affected according to the result of the 
Z Zero flag. Z = 1 if the result of the operation 1s 0 operation. 
P/V Parity or overflow flag. Parity (P) and overflow e The flag 1s unchanged by the operation 
(V) share the same flag. Logical operations affect 0 The flag 1s reset by the operation 
this flag with the parity of the result while ] The flag 1s set by the operation 
arithmetic operations affect this flag with the X The flag 1s a “don't care.” 
overtlow of the result If P/V holds parity, P/V = V P/V flag affected according to the overflow result 


of the operation. 


1 if the result of the operation is even, P/V = Oif 
P/V flag affected according to the parity result of 


result is odd. If P/V holds overflow, P/V = 1 if Pp 


the result of the operation produced an overflow. 
Half-carry flag H = 1 if the add or subtract 
operation produced a carry into or borrow from 
bit 4 of the accumulator 


a 


the operation 

Any one of the CPU registers A, B, C, D, E, H, L. 
Any 8-bit location for all the addressing modes 
allowed for the particular instruction. 


N Add/Subtract flag. N = 1 if the previous opera- SS Any 16-bit location for all the addressing modes 
tion was a subtract. allowed for that instruction. 

H&N_ H andN flags are used 1n conjunction with the 11 Any one of the two index registers IX or IY. 
decimal adjust instruction (DAA) to properly cor- R Refresh counter 
rect the result into packed BCD format following n 8-bit value in range < 0, 255 >. 
addition or subtraction using operands with nn 16-bit value in range < 0, 65535 >. 
packed BCD format. 

C Carry/Link flag. C = 1 if the operation produced 


a carry from the MSB of the operand or result. 


2001-001 


Pin 
Descriptions 


Ag-Ajs5. Address Bus (output, active High, 
3-state). Ag-Ajs form a 16-bit address bus. The 
Address Bus provides the address for memory 
data bus exchanges (up to 64K bytes) and for 
I/O device exchanges. 


BUSACK. Bus Acknowledge (output, active 
Low). Bus Acknowledge indicates to the 
requesting device that the CPU address bus, 
data bus, and control signals MREQ, IORQ, 
RD, and WR have entered their high- 
impedance states. The external circuitry 
can now control these lines. 


BUSREQ. Bus Request (input, active Low). 
Bus Request has a higher priority than NMI 
and is always recognized at the end of the cur- 
rent machine cycle. BUSREQ forces the CPU 
address bus, data bus, and control signals 
MREO, IORQ, RD, and WR to go to a high- 
impedance state so that other devices can 
control these lines. BUSREO 1s normally wire- 
ORed and requires an external pullup tor 
these applications. Extended BUSREQ 
periods due to extensive DMA operations can 
prevent the CPU trom properly refreshing 
dynamic RAMs. 


Do-D7. Data Bus (input/output, active High, 
3-state). Do-D7 constitute an 8-bit bidirectional 
data bus, used for data exchanges with 
memory and [/O. 


HALT. Halt State (output, active Low). HALT 
indicates that the CPU has executed a Halt 
instruction and 1s awaiting either a non- 
maskable or a maskable interrupt (with the 
mask enabled) before operation can resume. 
While halted, the CPU executes NOPs to 


maintain memory refresh. 


INT. Jnterrupt Request (input, active Low). 
Interrupt Request is generated by I/O devices. 
The CPU honors a request at the end of the 
current instruction if the internal software- 
controlled interrupt enable flip-flop (IFF) 1s 
enabled. INT 1s normally wire-ORed and 
requires an external pullup for these 
applications. 


IORQ. Jnput/Output Request (output, active 
Low, 3-state). IORO indicates that the lower 
half of the address bus holds a valid I/O 
address for an I/O read or write operation. _ 
IORO 1s also generated concurrently with M1 
during an interrupt acknowledge cycle to indi- 
cate that an interrupt response vector can be 


placed on the data bus. 


Ml. Machine Cycle One (output, active Low). 
M1, together with MREQ, indicates that the 
current machine cycle 1s the opcode fetch 
cycle of an instruction execution. M1, together 
with IORQ, indicates an interrupt acknowledge 
cycle. 


MREQ. Memory Request (output, active 

Low, 3-state). MREQO indicates that the address 
bus holds a valid address for a memory read or 
memory write operation. 


NMI. Non-Maskable Interrupt (input, active 
Low, edge-triggered). NMI has a higher pri- 
ority than INT. NMI is always recognized at the 
end of the current instruction, independent of 
the status of the interrupt enable flip-flop, and 
automatically forces the CPU to restart at 
location OO66H. 


RD. Read (output, active Low, 3-state). RD in- 
dicates that the CPU wants to read data from 
memory or an I/O device. The addressed I/O 
device or memory should use this signal to 
gate data onto the CPU data bus. 


RESET. Reset (input, active Low). RESET 
initializes the CPU as follows: it resets the 
interrupt enable flip-flop, clears the PC and 
Registers I and R, and sets the interrupt status 
to Mode 0. During reset time, the address and 
data bus go to a high-impedance state, and all 
control output signals go to the inactive state. 
Note that RESET must be active for a minimum 
of three full clock cycles before the reset 
operation is complete. 


RFSH. Fefresh (output, active Low). RFSH, 
together with MREQ, indicates that the lower 
seven bits of the system’s address bus can be 
used as a refresh address to the system's 
dynamic memories. 


WAIT. Wait (input, active Low). WAIT 
indicates to the CPU that the addressed mem- 
ory or I/O devices are not ready for a data 
transfer. The CPU continues to enter a Wait 
state as long as this signal 1s active. Extended 
WAIT periods can prevent the CPU from 
refreshing dynamic memory properly. 


WR. Write (output, active Low, 3-state). WR 
indicates that the CPU data bus holds valid 
data to be stored at the addressed memory or 
I/O location. 


Add ~108Z 


CPU Timing The CPU executes instructions by pro- 
ceeding through a specific sequence of opera- 


tions: 
@ Memory read or write 
m I/O device read or write 


@ Interrupt acknowledge 


Instruction Opcode Fetch. The CPU places 
the contents of the Program Counter (PC) on 
the address bus at the start of the cycle (Figure 
5). Approximately one-half clock cycle later, 
MREO goes active. When active, RD indicates 
that the memory data can be enabled onto the 


CPU data bus. 


The basic clock period 1s referred to as a 
T time or cycle, and three or more T cycles 
make up a machine cycle (M1, M2 or M3 for 
instance). Machine cycles can be extended 
either by the CPU automatically inserting one 
or more Wait states or by the insertion of one 
or more Wait states by the user. 


The CPU samples the WAIT input with the 
falling edge of clock state Tg. During clock 
states T3 and T4 of an M1 cycle dynamic RAM 
refresh can occur while the CPU starts 
decoding and executing the instruction. When 
the Refresh Control signal becomes active, 
refreshing of dynamic memory can take place. 


CLOCK 
Ao-Ais5 
MREQ 
RD 
WAIT 
m1 
—> (15) > 
ae (21) > (22) 


in eaters 


RFSH 


NOTE Ty-Wait cycle added when necessary for slow ancilliary devices 


Figure 5. Instruction Opcode Fetch 
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CPU Memory Read or Write Cycles. Figure 6 MREO also becomes active when the address 


Timing shows the timing of memory read or write bus 1s stable. The WR line 1s active when the 
(Continued) cycles other than an opcode fetch (M1) cycle. data bus is stable, so that 1t can be used 
The MREO and RD signals function exactly as directly as an R/W pulse to most semiconduc- 
in the fetch cycle. In a memory write cycle, tor memories. 
Ty T2 Tw T3 


CLOCK 
mae 
eee, 


MREQ 


| VALID ADDRESS 


war 1 
(23) |< 
RD 
READ (16) 
OPERATION 
a VALID 

wR 
WRITE 
OPERATION 

Do-D7 DATA OUT 


Figure 6. Memory Read or Write Cycles 
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CPU 
Timing 
(Continued) 


Input or Output Cycles. Figure 7 shows the 
timing for an I/O read or I/O write operation. 
During I/O operations, the CPU automatically 


/ LU 


Ao-A7r re VALID PORT ADDRESS | 


ee tet 
«aT | 
ie Oi -O 
re. 


uo 
READ 
OPERATION 


WR 


inserts a single Wait state (T,,). This extra Wait 
state allows sufficient time for an I/O port to 
decode the address from the port address lines. 


T3 


a 


— > ~<- 
uo a Ge)» 
WRITE @ ke 
OPERATION 
Do-D7 DATA OUT 


NOTE Ty*= One Wait cycle automatically inserted by CPU. 


Figure 7. Input or Output Cycles 


Interrupt Request/Acknowledge Cycle. The 
CPU samples the interrupt signal with the ris- 
ing edge of the last clock cycle at the end of 
any instruction (Figure 8). When an interrupt 
is accepted, a special M1 cycle is generated. 


CLOCK 


Ao-A1is 


Do-D7 


NOTE 1) TL = Last state of previous instruction 


During this M1 cycle, IORQ becomes active 
(instead of MREQ) to indicate that the inter- 
rupting device can place an 8-bit vector on the 
data bus. The CPU automatically adds two 
Wait states to this cycle. 


Tw: Tw T3 


<> 
(> << 
1 VALID DATA § 


2) Two Wait cycles automatically inserted by CPU(*)}. 


Figure 8. Interrupt Request/Acknowledge Cycle 
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CPU 
Timing 
(Continued) 


vie 


Non-Maskable Interrupt Request Cycle. 

NMI 1s sampled at the same time as the 
maskable interrupt input INT but has higher 
priority and cannot be disabled under software 
control. The subsequent timing 1s similar to 


LAST M CYCLE ———————_»> |< — 
LAST T TIME T T2 


—»>|(6) |< 
Ao-Ais5 
—>| (13) |< 
wi 
—>| (8) |< 
MREQ 
—>| (3) |< 


RFSH 


* Although NMI 1s an asynchronous input, to guarantee its being 
recognized on the following machine cycle, NMI’s falling edge 


that of a normal memory read operation except 


that data put on the bus by the memory 1s 
ignored. The CPU instead executes a restart 
(RST) operation and jumps to the NMI service 
routine located at address O0066H (Figure 9). 


M1 —_ 


Gis 

eos el Ge) bas 
less 
ae Mie 


must occur no later than the rising edge of the clock cycle 
preceding TLAST 


Figure 9. Non-Maskable Interrupt Request Operation 


Bus Request/Acknowledge Cycle. The CPU 
samples BUSREO with the rising edge of the 
last clock period of any machine cycle (Figure 
10). If BUSREO 1s active, the CPU sets its —__ 
address, data, and MREO, IORO, RD, and WR 


Tx 


CLOCK 


s al 
= 
i b 
3 


BUSREQ 


BUSACK 


+| -+@ 


+ +@ 


bes = 


+| +@ 


AD, WA ee: 


z 


RFSH i, 


HALT 


NOTE T= Last state of any M cycle 


lines to a high-impedance state with the rising 
edge of the next clock pulse. At that time, any 
external device can take control of these lines, 
usually to transfer data between memory and 


I/O devices. 


—>| (4) + 


| |+@ 
FLOAT { 
<@ 


i 
FLOAT C 


+| -® 
FLOAT 


>| (3) ~~ 


UNCHANGED 


Tx = An arbitrary clock cycle used by requesting device 


Figure 10. Z-BUS Request/Acknowledge Cycle 
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CPU Halt Acknowledge Cycle. When the CPU received. When in the Halt state, the HALT 


Timing receives a HALT instruction, it executes NOP output 1s active and remains so until an inter- 
(Continued) states until either an INT or NMI input 1s rupt 1s processed (Figure 11). 
M1 | 1 | M1 
T4 Ty T2 T3 1% Ti To 
CLOCK 


Gé) 
HALT 
Hait Instruction 


Received * 


NOTE INT will also force a Halt exit. *See note, Figure 9 


Figure 11. Halt Acknowledge Cycle 


Reset Cycle. RESET must be active for at least inactive, two internal T cycles are consumed 


three clock cycles for the CPU to properly before the CPU resumes normal processing 
accept it. As long as RESET remains active, the operation. RESET clears the PC register, so the 
address and data buses float, and the control first opcode fetch will be to location 0000 
outputs are inactive. Once RESET goes (Figure 12). 
<1 —---— 
1 T2 
CLOCK 
> 
—>| (44) |<— —>| 6) |< 


FLOAT 
Ao-Ai5 4 


—_ Se 
FLOAT 
Do-D7 


Figure 12. Reset Cycle 
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AC 


Charac- 
teristicsT 
Number Symbol Parameter 
] TeG Clock Cycle Time 
2 TwCh Clock Pulse Width (High) 
3 TwCl Clock Pulse Width (Low) 
4 TiC Clock Fall Time 
STC Clock Rise Time 
6 TdCr(A) Clock ft to Address Valid Delay 


Address Valid to MREO 
) Delay 


Clock | to MREQ | Delay 
Clock t to MREQ t Delay 


7 TdA(MREQf) 


8 TdCfi(MREOQf) 
9 TdCr(MREOr) 
10— TwMREOh 
11 TwMREQ1 
12 TdCt(MREQr) 
13 TdCf(RDf) 
14 TdCr(RDr) 
Lo——Ils)( Cp 
16 ThD(RDr) 
17 TsWAIT(Cf) 
18 ThWAIT(Cf) 
19 TdCr(M11f) 
20— TdCr(M1r) 
21 TdCr(RFSHf) 
22 TdCr(RFSHr) 
23 TdCti(RDr) 
24 TdCr(RDf) 
25 == [sD Ch == 


MREO Pulse Width (Low) 
Clock | to MREO t Delay 
Clock | to RD | Delay 
Clock t to RD t Delay 
Data Setup Time to Clock 1 
Data Hold Time to RD 1 
WAIT Setup Time to Clock | 
WAIT Hold Time after Clock | 
Clock t to M1 | Delay 

Clock t to M1 t Delay 

Clock t to RFSH } Delay 
Clock 1 to RFSH t Delay 
Clock | to RD t Delay 

Clock t to RD | Delay 


Data Setup to Clock | during 
Mz, M3, My or Ms Cycles 


26 TdA(IOROf) 
27 TdCr(IORQt) 
28 TdCf(IOROr) 
29 TdD(WRf) 
30 — TdCfi(WRf) 
31 TwWR 

32 TdCf(WRr) 
33.  TdD(WRf) 
34  TdCr(WRf) 


Clock t to IORO | Delay 
Clock | to IORO t Delay 
Data Stable prior to WR | 
Clock | to WR | Delay 
WR Pulse Width 

Clock | to WR t Delay 
Data Stable prior to WR | 
Clock t to WR | Delay 


35 —— TdWRr(D) Data Stable from WR t 
36 TdCi(HALT) Clock | to HALT f¢ or | 
37 TwNMI NMI Pulse Width 


38 TsBUSREQ(Cr) BUSREQ Setup Time to Clock f 


MREQ Pulse Width (High) ——-—— 


Address Stable prior to IORQ | 


Z8300-1 
(1.0 MHz) 
Min Max 
(ns) (ns) 
1000* 
470* 
470 2000 
— 30 
30 
— 380 

370* — 
— 260 
— 260 
410* 

890" — 
— 260 
— 340 
— 260 
140 
— 0 
190 — 
— 0 
— 340 

340 
— 460 
— 390 
— 290 
— 260 

160 
790* — 
— 240 
— 290 

470* — 

240 

890* — 
— 260 
=30* oo 
— 210 

290* 

— 760 

210 — 

210 — 


*For clock periods other than the minimums shown 1n the table, calculate parameters 


using the expressions in the table on the following page 
{All timings assume equal loading on pins within 50 pF 
Timings are preliminary and subject to change 


Z8300-2 
(1.5 MHz) 
Min Max 
(ns) (ns) 
650* 
300* 
300 2000 
—_ 30 
30 
— 250 
200* — 
—_ 170 
— 170 
270* 
580" — 
— 170 
— 230 
— 170 
90 
— 0 
120 — 
_ 0 
— 230 
230 
— 310 
— 260 
— 180 
— 170 
110 
510* — 
— 160 
— 190 
280* — 
160 
580" — 
— 170 
+30* 
— 140 
190* 
— 510 
140 — 
140 — 


Z8300-3 
(2.5 MHz) 
Min Max 
(ms) (ns) 

400* 
180* 

180 2000 

— 30 

30 

— 145 

125* — 
— 100 
— 100 
170* 

360* — 
— 100 
— 130 
— 100 

Va 
_ 0 

70 — 
— 0 
— 130 

130 

— 180 
— 150 
— 110 
— 100 
60 

320* — 
— 90 
— 110 
190" — 

90 

360* — 

— 100 
30* — 
— 80 

130* 

— 300 
80 — 
80 --- 
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Number Symbol 


39. ThBUSREQ(Cr) 


Parameter 


Z8300-1 
Min Max 
(ms) (ns) 


BUSREO Hold Time after Clock t 0 


40 — TdCr(BUSACK?)- Clock t to BUSACK | Delay 
4] TdCf(BUSACKr) Clock | to BUSACK t Delay — 
42 TdCr(Dz) Clock t to Data Float Delay — 
43 TdCr(CTz) Clock t to Control Outputs Float — 
Delay (MREQ, IORQ, RD, 
and WR) 
44 TdCr(Az) Clock t to Address Float Delay — 
45 —TdCTr(A) MREO 1, IORQ 1, RD t, and 400* 
WR ft to Address Hold Time 
46 TsRESET(Cr) RESET to Clock t Setup Time 240 
47 ThRESET(Cr) RESET to Clock t Hold Time — 
48 TsINT£(Cr) INT to Clock t Setup Time 210 
49 ThINTr(Cr) INT to Clock t Hold Time nae 
50 —TdM1f(IOROf) — M1 ! to IORO ! Delay 2300* 
51 TdCi(IOROf) Clock |} to IORQ ! Delay — 
52 TdCf(IORQr) Clock t to IOROQ t Delay aes 
53 TdCt(D) Clock | to Data Valid Delay —~ 
“For clock periods other than the minimums shown 1n the table, calculate parameters 
using the following expressions Calculated values above assumed TrC = TiC = 20 ns 
7 All timings assume equal loading on pins with 50 pF 
Timings are preliminary and subject to change 
Footnotes to AC Characteristics 
Number Symbol Z8300-1 Z8300-2 


TcC 
2 TwCh 


26 TdA(IORQf) 


29 TdD(WRf) 


31—— TwWR 

33 TdD(WRf) 
35 TdWRr(D) 
45 TdCTr(A) 


50 TdM1f(IORQf) 2TcC + TwCh + TiC —- 210 


AC Test Conditions 


Vin = 20V 
Vit = O08V 

Vino = VCE -0:6 ¥ 
VILC = 045 V 
VoH = 20V 
VoL = 08V 
FLOAT = +05V 


TwCh + TwCl + TrC + TI{C TwCh + TwCl + TrC +TfC 


Although static by design, 
TwCh of greater than 200 ps 


Although static by design, 
TwCh of greater than 200 ps 


is not guaranteed 

7— TdA(MREQf)— TwCh + TiC — 200 
10 TwMREQh 
1] TwMREQ1 


TwCh + TfC 
TcC —- 110 
TcC —- 210 
TcC — 540 
TcC —- 110 
TwCl + TrC 
TwCl + TrC 
TwCl + TrC 


90 


470 
210 
110 


1s not guaranteed 
TwCh + TiC — 130 
TwCh + TiC — 60 


TcC —- 70 
TcC — 140 
TcC — 360 
TcC - 70 


TwCl + TrC — 300 
TwCl + TrC — 140 
TwCl + TrC — 70 


2TcC + TwCh + TiC — 140 


290 


Z8300-2 Z8300-3 
Min Max Min Max 


(ms) (ns) (ms) (ns) 
0 — 0 — 
210 120 
—_ 190 —_ 110 
— 160 — 90 
— 190 — 110 
— 190 —_ 110 
260* 160*-——— 
160 — 90 — 
— 0 — 0 
140 — 80 — 
— ¢) — @) 
1500* 920*-———— 
— 190 — 110 
— 170 — 100 
— 400 — 230 
Z8300-3 


TwCh + TwCl + TrC + TiC 


Although static by design, 
TwCh of greater than 200 ys 
is not guaranteed 


TwCh + TiC ~ 75 
TwCh + TiC — 30 


TcC —- 40 
TcC — 80 
TcC — 210 
TcC — 40 


TwCl + TrC — 180 
TwCl + TrC — 80 
TwCl + TrC — 40 
2TcC + TwCh + TfC —- 80 


Absolute Storage Temperature........ ~65°C to +150°C Stresses greater than those listed under Absolute Maxi- 
Maximum Temper Per mum Ratings may cause permanent damage to the device. 
Rati dee Bi O ; This is a stress rating only; operation of the device at any 
atings unaer Dlas ........ See Ordering Information condition above those indicated 1n the operational sections 
Voltages on all inputs and of these specifications 1s not implied. Exposure to absolute 
outputs with respect to ground .-0.3 Vto +7 V maximum rating conditions for extended periods may affect 
Power Dissipation ................000- 1.5 W Seuice Te Nap: 
Standard The characteristics below apply for the All ac parameters assume a load capacitance 
Test following standard test conditions, unless of 100 pF. Add 10 ns delay for each 50 pF in- 
Conditions otherwise noted. All voltages are referenced to crease in load up to a maximum of 200 pF for 
GND (0 V). Positive current flows into the the data bus and 100 pF for address and control 
referenced pin. Available operating lines. 
temperature ranges are: 
mS* = 0°Cto +70°C, pad 
+4.75V Ss Voo S +5.25 V aie 
a k* — -40°C to i 85°C, FROM OUTPUT 
+4.75V <s Voo S +5.25 V oe 
m M* = -55°C to + 125°C, 
+45 V 3 Voc S +5.5V "Ty uA 
*See Ordering Information section for package 
temperature range and product number ah = = 
DC Symbol Parameter Min Max Unit Test Condition 
Charac- 
teristics Vite Clock Input Low Voltage -0.3 0.45 V 
Vinc Clock Input High Voltage Veco--6 Vect+.3 V 
Vin Input Low Voltage -0.3 0.8 V 
Vin Input High Voltage 2.0 Vec V 
VoL Output Low Voltage 0.4 V IoL = 1.8 mA 
Vou Output High Voltage 2.4 V Iloy = -250 pA 
Thy Input Leakage Current 10 pA Vin = 0 to Vec 
ILEAK 3-State Output Leakage Current in Float -10 10} pA Vout = 0.4 to Vec 
loc Power Supply Current 
Temperature 
0°Cc 25°C 70°C 
Frequency Max Max Typical Max Unit 
Z8300-1 (1.0 MHz) 30 25 15 20 mA 
Z8300-2 (1.5 MHz) 35 30 20 25 mA 
Z8300-3 (2.5 MHz) 45 40 25 35 mA 
1 Ajs5-Ag, D7-Do, MREQ, fORO, RD, and WR 
Capacitance Symbol Parameter Min Max Unit Note 
CoLtocKk Clock Capacitance 35 pF 
; Unmeasured pins 
Cir Input Capacitance 5 pF policies otal 
Court Output Capacitance 10 p 


Ta = 25°C, f = 1 MHz 
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Ordering 
Information 


Product Package/ 


Number Temp Speed Description 

Z8300- 1 PS 1.0 MHz Z80L CPU (40-pin) 
Z8300- 1 CS 1.0 MHz Same as above 
Z8300-2 PS 1.5 MHz Same as above 


NOTES C = Ceramic, P = Plastic, S = 0°C to +70°C. 


Product 
Number 


Z8300-2 
Z8300-3 
Z8300-3 


Package/ 
Temp 


CS 
PS 
CS 


Speed 
1.5 MHz 


2.5 MHz 
2.5 MHz 


Description 


Z80L CPU (40-pin) 
Same as above 


Same as above 
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00-2189-03 


28410 
280° DMA Direct 


Memory Access Controller 


Product 
Specification 


June 1982 


Features 


@ Transfers, searches and search/transfers in 
Byte-at-a-Time, Burst or Continuous modes. 
Cycle length and edge timing can be pro- 
grammed to match the speed of any port. 


@ Dual port addresses (source and destination) 
generated for memory-to-I/O, memory- 
to-memory, or I/O-to-I/O operations. 
Addresses may be fixed or automatically 
incremented/decremented. 


@ Next-operation loading without disturbing 
current operations via buffered starting- 


address registers. An entire previous 
sequence can be repeated automatically. 


@ Extensive programmability of functions. 
CPU can read complete channel status. 


@ Standard Z-80 Family bus-request and 
prioritized interrupt-request daisy chains 
implemented without external logic. 


Sophisticated, internally modifiable inter- 


rupt vectoring. 


® Direct interfacing to system buses without 


external logic. 


General 


Description 


2032-0125, 0126 


The Z-80 DMA (Direct Memory Access) is a 
powerful and versatile device for controlling 
and processing transfers of data. Its basic 
function of managing CPU-independent 
transfers between two ports is augmented by 
an array of features that optimize transfer 
speed and control with little or no external 
logic in systems using an 8- or 16-bit data bus 


and a 16-bit address bus. 


SYSTEM 
DATA 
BUS 


As 


Ay SYSTEM 
ne ADDRESS 


Ag 
BUS A 
CONTROL aia 19 
An 
Z80 DMA 

Ai2 

A13 

At4 

Ais 


system | ~*~ 
CONTROL RDY | DMA 
Bus | . gt ap cEWalT <«—_—— / CONTROL 


iNTIPULSE 
} INTERRUPT 


ie CONTROL 
IEO 


Figure 1. Pin Functions 


Transfers can be done between any two ports 
(source and destination), including memory-to- 
I/O, memory-to-memory, and I/O-to-I/O. Dual 
port addresses are automatically generated for 


each transaction and may be either fixed or 
incrementing/decrementing. In addition, bit- 


maskable byte searches can be performed 
either concurrently with transfers or as an 
operation in itself. 


280 DMA 
1 30 


Figure 2. Pin Assignments 
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General 
Description 
(Continued) 


Functional 
Description 


SO 


The Z-80 DMA contains direct interfacing to 
and independent control of system buses, as 
well as sophisticated bus and interrupt con- 
trols. Many programmable features, including 
variable cycle timing and auto-restart, 
minimize CPU software overhead. They are 
especially useful in adapting this special- 


Classes of Operation. The Z-80 DMA has 
three basic classes of operation: 


@ Transfers of data between two ports (memory 
or I/O peripheral) 


@ Searches for a particular 8-bit maskable 
byte at a single port in memory or an I/O 
peripheral 


@ Combined transfers with simultaneous 
search between two ports 


Figure 4 illustrates the basic functions 
served by these classes of operation. 

During a transfer, the DMA assumes control 
of the system address and data buses. Data is 
read from one addressable port and written to 
the other addressable port, byte by byte. The 
ports may be programmed to be either system 
main memory or peripheral I/O devices. Thus, 
a block of data may be written from one 
peripheral to another, from one area of main 
memory to another, or from a peripheral to 
main memory and vice versa. 


SYSTEM 
BUSES 


Figure 3. Typical Z-80 Environment 


purpose transfer processor to a broad variety 
of memory, I/O and CPU environments. 

The Z-80 DMA is an n-channel silicon-gate 
depletion-load device packaged in a 40-pin 
plastic or ceramic DIP. It uses a single +5 V 
power supply and the standard Z-80 Family 
single-phase clock. 


During a search-only operation, data is read 
from the source port and compared byte by 
byte with a DMA-internal register containing a 
programmable match byte. This match byte 
may optionally be masked so that only certain 
bits within the match byte are compared. 
Search rates up to 1.25M bytes per second can 
be obtained with the 2.5 MHz Z-80 DMA or 2M 
bytes per second with the 4 MHz Z-80A DMA. 

In combined searches and transfers, data 
is transferred between two ports while 
simultaneously searching for a bit-maskable 
byte match. 

Data transfers or searches can be pro- 
grammed to stop or interrupt under various 
conditions. In addition, CPU-readable status 
bits can be programmed to reflect the 
condition. 


Modes of Operation. The Z-80 DMA can be 
programmed to operate in one of three transfer 
and/or search modes: 


@ Byte-at-a-Time: data operations are per- 
formed one byte at a time. Between each 
byte operation the system buses are released 
to the CPU. The buses are requested again 
for each succeeding byte operation. 


m Burst: data operations continue until a 
port’s Ready line to the DMA goes inactive. 
The DMA then stops and releases the system 
buses after completing its current byte 
operation. 


@ Continuous: data operations continue until 
the end of the programmed block of data is 
reached before the system buses are 
released. If a port’s Ready line goes inactive 
before this occurs, the DMA simply pauses 
until the Ready line comes active again. 


2-80 DMA 


0 
PERIPHERAL 


vo 
PERIPHERAL 


1 Search memory 

2 Transfer memory-to-memory (optional search) 
3 Transfer memory-to-I/O (optional search) 

4 Search /0 

5 Transfer I/O to-I/O (optional search) 


Figure 4. Basic Functions of the Z-80 DMA 
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Functional 
Description 
(Continued) 
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In all modes, once a byte of data is read into 
the DMA, the operation on the byte will be 
completed in an orderly fashion, regardless of 
the state of other signals (including a port's 
Ready line). 

Due to the DMA’s high-speed buffered 
method of reading data, operations on one 
byte are not completed until the next byte 1s 
read in. This means that total transfer or 
search block lengths must be two or more 
bytes, and that block lengths programmed into 
the DMA must be one byte less than the 
desired block length (count 1s N-1 where N is 
the block length). 


Commands and Status. The Z-80 DMA has 
several writable control registers and readable 
status registers available to the CPU. Control 
bytes can be written to the DMA whenever the 
DMA is not controlling the system buses, but 
the act of writing a control byte to the DMA 
disables the DMA until it 1s again enabled by a 
specific command. Status bytes can also be 
read at any such time, but writing the Read 
Status Byte command or the Initiate Read 
Sequence command disables the DMA. 

Control bytes to the DMA include those 
which effect immediate command actions such 
as enable, disable, reset, load starting-address 
buffers, continue, clear counters, clear status 
bits and the like. In addition, many mode- 
setting control bytes can be written, including 
mode and class of operation, port configura- 
tion, starting addresses, block length, address 
counting rule, match and match-mask byte, 
interrupt conditions, interrupt vector, status- 
affects-vector condition, pulse counting, auto 
restart, Ready-line and Wait-line rules, and 
read mask. 

Readable status registers include a general 
status byte reflecting Ready-line, end-of-block, 
byte-match and interrupt conditions, as well as 
2-byte registers for the current byte count, 


Port A address and Port B address. 


Variable Cycle. The Z-80 DMA has the 
unique feature of programmable operation- 
cycle length. This 1s valuable in tailoring the 
DMA to the particular requirements of other 
system components (fast or slow) and max- 
imizes the data-transfer rate. It also eliminates 
external logic for signal conditioning. 

There are two aspects to the variable cycle 
feature. First, the entire read and write cycles 
(periods) associated with the source and 
destination ports can be independently pro- 
grammed as 2, 3 or 4 T-cycles long (more if 
Wait cycles are used), thereby increasing or 


decreasing the speed with which all DMA 
signals change (Figure 5). 

Second, the four signals in each port 
specifically associated with transfers of data 
(1/0 Request, Memory Request, Read, and 
Write) can each have its active trailing edge 
terminated one-half T-cycle early. This adds a 
further dimension of flexibility and speed, 
allowing such things as shorter-than-normal 
Read or Write signals that go inactive before 
data starts to change. 


Address Generation. Two 16-bit addresses are 
generated by the Z-80 DMA for every transfer 
operation, one address for the source port and 
another for the destination port. Each address 
can be either variable or fixed. Variable 
addresses can increment or decrement from 
the programmed starting address. The fixed- 
address capability eliminates the need for 
separate enabling wires to I/O ports. 

Port addresses are multiplexed onto the 
system address bus, depending on whether the 
DMA 1s reading the source port or writing to 
the destination port. Two readable address 
counters (2 bytes each) keep the current 
address of each port. 


WNC 08Z 


Auto Restart. The starting addresses of either 
port can be reloaded automatically at the end 
of a block. This option is selected by the Auto 
Restart control bit. The byte counter 1s cleared 
when the addresses are reloaded. 

The Auto Restart feature relieves the CPU of 
software overhead for repetitive operations 
such as CRT refresh and many others. More- 
over, when the CPU has access to the buses 
during byte-at-a-time or burst transfers, dif- 
ferent starting addresses can be written into 
buffer registers during transfers, causing the 
Auto Restart to begin at a new location. 


Interrupts. The Z-80 DMA can be programmed 
to interrupt the CPU on three conditions: 


@ Interrupt on Ready (before requesting bus) 
@ Interrupt on Match 


m@ Interrupt on End of Block 
aes a. ENDING 


T% eine T2 |< T3 |< T, —| 

2: CYCLE —}>—» 

3 CYCLE ——_—_—_____;—_»> cae 9 | FOR CONTROL SIGNALS 
4-CYCLE —__-----—+ +| 


Figure 5. Variable Cycle Length 
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Functional 
Description 
(Continued) 


Any of these interrupts cause an interrupt- 
pending status bit to be set, and each of them 
can optionally alter the DMA’s interrupt vec- 
tor. Due to the buffered constraint mentioned 
under ‘Modes of Operation,” interrupts on 
Match at End of Block are caused by matches 
to the byte just prior to the last byte in the 
block. 

The DMA shares the Z-80 Family's elaborate 
interrupt scheme, which provides fast inter- 
rupt service in real-time applications. In a 
Z-80 CPU environment, the DMA passes its 
internally modifiable 8-bit interrupt vector to 
the CPU, which adds an additional eight bits 
to form the memory address of the interrupt- 
routine table. This table contains the address 
of the beginning of the interrupt routine itself. 


In this process, CPU control is transferred 
directly to the interrupt routine, so that the 


_ next instruction executed after an interrupt 


acknowledge is the first instruction of the inter- 
rupt routine itself. 


Pulse Generation. External devices can keep 
track of how many bytes have been transferred 
by using the DMA’s pulse output, which pro- 
vides a signal at 256-byte intervals. The inter- 
val sequence may be offset at the beginning by 
1 to 255 bytes. 

The Interrupt line outputs the pulse signal in 
a manner that prevents misinterpretation by 
the CPU as an interrupt request, since it only 
appears when the Bus Request and Bus 
Acknowledge lines are both active. 


Pin 
Description 


Ap-Ajs5. System Address Bus (output, 3-state). 
Addresses generated by the DMA are sent to 
both source and destination ports (main 
memory or I/O peripherals) on these lines. 


BAI. Bus Acknowledge In (input, active Low). 
Signals that the system buses have been 
released for DMA control. In multiple-DMA 
configurations, the BAI pin of the highest 
priority DMA is normally connected to the Bus 
Acknowledge pin of the CPU. Lower-priority 
DMAs have their BAI connected to the BAO of 
a higher-priority DMA. 


BAO. Bus Acknowledge Out (output, active 
Low). In a multiple-DMA configuration, this 
pin signals that no other higher-priority DMA 
has requested the system buses. BAI and BAO 
form a daisy chain for multiple-DMA priority 
resolution over bus control. 


BUSREQ. Bus Request (bidirectional, active 
Low, open drain). As an output, it sends 
requests for control of the system address bus, 
data bus and control bus to the CPU. As an 
input, when multiple DMAs are strung __ 
together in a priority daisy chain via BAI and 
BAO, it senses when another DMA has 
requested the buses and causes this DMA to 
refrain from bus requesting until the other 
DMA is finished. Because it is a bidirectional 
pin, there cannot be any buffers between this 
DMA and any other DMA. It can, however, 
have a buffer between it and the CPU because 
it is unidirectional into the CPU. A pull-up 
resistor is connected to this pin. 


CE/WAIT. Chip Enable and Wait (input, 
active Low). Normally this functions only as a 
CE line, but it can also be programmed to 
serve a WAIT function. As a CE line from the 
CPU, it becomes active when WR and IORO 
are active and the I/O port address on the 


system address bus is the DMA’s address, 
thereby allowing a transfer of control or com- 
mand bytes from the CPU to the DMA. As a 
WAIT line from memory or I/O devices, after 
the DMA has received a bus-request ack- 
nowledge from the CPU, it causes wait states 
to be inserted 1n the DMA’s operation cycles 
thereby slowing the DMA to a speed that 
matches the memory or I/O device. 


CLK. System Clock (input). Standard Z-80 
single-phase clock at 2.5 MHz (Z-80 DMA) or 
4.0 MHz (Z-80A DMA). For slower system 
clocks, a TTL gate with a pullup resistor may 
be adequate to meet the timing and voltage 
level specification. For higher-speed systems, 
use a clock driver with an active pullup to 
meet the Viy specification and risetime 
requirements. In all cases there should be a 
resistive pullup to the power supply of 10K 
ohms (max) to ensure proper power when the 


DMA is reset. 

Do-Dy7. System Data Bus (bidirectional, 
3-state). Commands from the CPU, DMA 
status, and data from memory or I/O 
peripherals are transferred on these lines. 


IEI. /nterrupt Enable In (input, active High). 
This is used with IEO to form a priority daisy 
chain when there is more than one interrupt- 
driven device. A High on this line indicates 
that no other device of higher priority is being 
serviced by a CPU interrupt service routine. 


IEO. Interrupt Enable Out (output, active 
High). IEO is High only if IEI is High and the 
CPU is not servicing an interrupt from this 
DMA. Thus, this signal blocks lower-priority 
devices from interrupting while a higher- 
priority device is being serviced by its CPU 
interrupt service routine. 
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Pin 
Description 
(Continued) 


INT/PULSE. /nterrupt Request (output, active 
Low, open drain). This requests a CPU inter- 
rupt. The CPU acknowledges the interrupt by 
pulling its IORQ output Low during an M1 
cycle. It is typically connected to the INT pin 
of the CPU with a pullup resistor and tied to 
all other INT pins in the system. This pin can 
also be used to generate periodic pulses to an 
external device. It can be used this way only 
when the DMA is bus master (1.e., the CPU's 
BUSREQ and BUSACK lines are both Low 
and the CPU cannot see interrupts). 


IORQ. Input/Output Request (bidirectional, 
active Low, 3-state). As an input, this indicates 
that the lower half of the address bus holds a 
valid I/O port address for transfer of control or 
status bytes from or to the CPU, respectively; 
this DMA is the addressed port if its CE pin 
and its WR or RD pins are simultaneously 
active. As an output, after the DMA has taken 
control of the system buses, it indicates that 
the 8-bit or 16-bit address bus holds a valid 
port address for another I/O device involved in 
a DMA transfer of data. When IORQ and M1 
are both active simultaneously, an interrupt 
acknowledge is indicated. 


MI. Machine Cycle One (input, active Low). 
Indicates that the current CPU machine cycle 
is an instruction fetch. It is used by the DMA 
to decode the return-from-interrupt instruction 
(RETI) (ED-4D) sent by the CPU. During two- 


byte instruction fetches, M1 is active as each 


opcode byte is fetched. An interrupt ack- 
nowledge is indicated when both M1 and 
IORO are active. 


MREQ. Memory Request (output, active Low, 
3-state). This indicates that the address bus 
holds a valid address for a memory read or 
write operation. After the DMA has taken con- 
trol of the system buses, it indicates a DMA 
transfer request from or to memory. 


RD. Read (bidirectional, active Low, 3-state). 


As an input, this indicates that the CPU wants 
to read status bytes from the DMA's read 
registers. As an output, after the DMA has 
taken control of the system buses, it indicates a 
DMA-controlled read from a memory or I/O 
port address. 


RDY. Ready (input, programmable active Low 
or High). This is monitored by the DMA to 
determine when a peripheral device associated 
with a DMA port is ready for a read or write 
operation. Depending on the mode of DMA 
operation (Byte, Burst or Continuous), the RDY 
line indirectly controls DMA activity by caus- 
ing the BUSREO line to go Low or High. 


WR. Write (bidirectional, active Low, 3-state). 
As an input, this indicates that the CPU wants 
to write control or command bytes to the DMA 
write registers. As an output, after the DMA 
has taken control of the system buses, it 
indicates a DMA-controlled write to a memory 
or I/O port address. 


Internal 
Structure 


The internal structure of the Z-80 DMA 
includes driver and receiver circuitry for inter- 
facing with an 8-bit system data bus, a 16-bit 
system address bus, and system control lines 
(Figure 6). In a Z-80 CPU environment, the 
DMA can be tied directly to the analogous pins 
on the CPU (Figure 7) with no additional buf- 
fering, except for the CE/WAIT line. 

The DMA’s internal data bus interfaces with 
the system data bus and services all internal 
logic and registers. Addresses generated from 
this logic for Ports A and B (source and des- 
tination) of the DMA’s single transfer channel 
are multiplexed onto the system address bus. 


INTERRUPT 
AND BUS 


PULSE 
PRIORITY LOGIC 
LOGIC 


SYSTEM 
DATA 
BUS 
(8 BIT) 
CONTROL 
AND 
CONTROL geared 


REGISTERS 


INTERNAL BUS 


Specialized logic circuits in the DMA are 
dedicated to the various functions of external 
bus interfacing, internal bus control, byte 
matching, byte counting, periodic pulse 
generation, CPU interrupts, bus requests, and 
address generation. A set of twenty-one 
writable control registers and seven readable 
status registers provides the means by which 
the CPU governs and monitors the activities of 
these logic circuits. All registers are eight bits 
wide, with double-byte information stored in 
adjacent registers. The two address counters 
(two bytes each) for Ports A and B are buffered 
by the two starting addresses. 


BYTE 
COUNTER PORTA 
ADDRESS 


SYSTEM 
ADDRESS 


BUS 
(16 BIT) 


PORT B 
ADDRESS 


Figure 6. Block Diagram 
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Internal The 21 writable control registers are 
Structure organized into seven base-register groups, 
(Continued) most of which have multiple registers. The 


base registers in each writable group contain 
both control/command bits and pointer bits 
that can be set to address other registers within 
the group. The seven readable status registers 
have no analogous second-level registers. 

The registers are designated as follows, 
according to their base-register groups: 


WRO-WR6 — Write Register groups 0 
through 6 (7 base registers plus 14 associ- 
ated registers) 

RRO-RR6 — Read Registers 0 through 6 


Writing to a register within a write-register 
group involves first writing to the base 
register, with the appropriate pointer bits set, 
then writing to one or more of the other 
registers within the group. All seven of the 
readable status registers are accessed sequen- 
tially according to a programmable mask con- 
tained in one of the writable registers. The sec- 
tion entitled ‘‘Programming” explains this in 
more detail. 

A pipelining scheme is used for reading data 
in. The programmed block length is the 
number of bytes compared to the byte counter, 
which increments at the end of each cycle. In 
searches, data byte comparisons with the 
match byte are made during the read cycle of 
the next byte. Matches are, therefore, dis- 
covered only after the next byte is read in. 

In multiple-DMA configurations, interrupt- 
request daisy chains are prioritized by the 
order in which their IEI and IEO lines are con- 
nected (Zilog Application Note 03-0041-01, The 
Z-80 Family Program Interrupt Structure). The 


FROM HIGHER-PRIORITY 
INTERRUPTING DEVICE 


BUSACK CPU 


system bus, however, may not be pre-empted. 
Any DMA that gains access to the system bus 
keeps the bus until it is finished. 


Write Registers 


WRO Base register byte 
Port A starting address (low byte) 
Port A starting address (high byte) 
Block length (low byte) 
Block length (high byte) 


WRI Base register byte 
Port A variable-timing byte 


WR2_ Base register byte 
Port B variable-timing byte 


WR3 Base register byte 
Mask byte 
Match byte 


Base register byte 
Port B starting address (low byte) 
Port B starting address (high byte) 
Interrupt control byte 
Pulse control byte 
Interrupt vector 


WRS5 Base register byte 
WR6 


WR4 


Base register byte 
Read mask 


Read Registers 


RRO Status byte 

RR1 Byte counter (low byte) 

RR2 ~~ ~Byte counter (high byte) 

RR3_ Port A address counter (low byte) 
RR4_ =Port A address counter (high byte) 
RR5_ «Port B address counter (low byte) 
RR6__—sC~PPort’B address counter (high byte) 


COMMON: INT 


TO NEXT DMA 


TO LOWER:PRIORITY 
INTERRUPTING DEVICE 


DEVICE 


Figure 7. Multiple-DMA Interconnection to the Z-80 CPU 
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Programming 


The Z-80 DMA has two programmable fun- 
damental states: (1) an enabled state, in which 
it can gain control of the system buses and 
direct the transfer of data between ports, and 
(2) a disabled state, in which it can initiate 
neither bus requests nor data transfers. When 
the DMA 1s powered up or reset by any means, 
it is automatically placed into the disabled 
state. Program commands can be written to it 
by the CPU in either state, but this auto- 
matically puts the DMA 1n the disabled state, 
which 1s maintained until an enable command 
is issued by the CPU. The CPU must program 
the DMA in advance of any data search or 
transfer by addressing it as an I/O port and 
sending a sequence of control bytes using an 
Output instruction (such as OTIR for the 
Z-80 CPU). 


Writing. Control or command bytes are writ- 
ten into one or more of the Write Register 
groups (WRO-WR6) by first writing to the base 
register byte in that group. All groups have 
base registers and most groups have additional 
associated registers. The associated registers 
in a group are sequentially accessed by first 
writing a byte to the base register containing 
register-group identification and pointer bits 
(1's) to one or more of that base register’s 
associated registers. 

This is illustrated in Figure 8b. In this 
figure, the sequence in which associated 
registers within a group can be written to is 
shown by the vertical position of the associated 
registers. For example, if a byte written to the 
DMA contains the bits that identify WRO (bits 
DO, Dl and D7), and also contains 1’s in the 
bit positions that point to the associated ‘‘Port 
A Starting Address (low byte)” and “Port A 
Starting Address (high byte),” then the next 
two bytes written to the DMA will be stored in 
these two registers, in that order. 


Reading. The Read Registers (RRO-RR6) are 
read by the CPU by addressing the DMA as an 
I/O port using an Input instruction (such as 
INIR for the Z-80 CPU). The readable bytes 
contain DMA status, byte-counter values, and 
port addresses since the last DMA reset. The 


Read Register 0 
D, Dg Ds Dy Dz Dy Dy Dg 
STATUS BYTE 
MA OPERATION HAS OCCURRED 
EADY ACTIVE 
INTERRUPT PENDING 


= MATCH FOUND 
= END OF BLOCK 


I 


Read Register 1 


registers are always read 1n a fixed sequence 
beginning with RRO and ending with RR6. 
However, the register read in this sequence 1s 
determined by programming the Read Mask in 
WR6. The sequence of reading 1s initialized by 
writing an Initiate Read Sequence or Set Read 
Status command to WR6. After a Reset DMA, 
the sequence must be initialized with the 
Initiate Read Sequence command or a Read 
Status command. The sequence of reading all 
registers that are not excluded by the Read 
Mask register must be completed before a new 
Initiate Read Sequence or Read Status 
command. 


Fixed-Address Programming. A special cir- 
cumstance arises when programming a desti- 
nation port to have a fixed address. The load 
command in WR6 only loads a fixed address to 
a port selected as the source, not to a port 
selected as the destination. Therefore, a fixed 
destination address must be loaded by tem- 
porarily declaring it a fixed-source address 
and subsequently declaring the true source as 
such, thereby implicitly making the other a 
destination. 

The following example illustrates the steps in 
this procedure, assuming that transfers are to 
occur from a variable-address source (Port A) 
to a fixed-address destination (Port B): 


1. Temporarily declare Port B as source in 


WRO. 

Load Port B address in WR6. 
Declare Port A as source in WRO. 
Load Port A address in WR6. 

5. Enable DMA in WR6. 


Figure 9 illustrates a program to transfer 
data from memory (Port A) to a peripheral 
device (Port B). In this example, the Port A 
memory starting address is 1050 and the Port 
B peripheral fixed address 1s 05y;. Note that 
the data flow 1s 1001y bytes—one more than 
specified by the block length. The table of 
DMA commands may be stored 1n consecutive 
memory locations and transferred to the DMA 
with an output instruction such as the Z-80 


CPU’s OTIR instruction. 


a ae ae 


Read Register 2 


Read Register 3 


Zea PORT A ADDRESS COUNTER (LOW BYTE) 


Read Register 4 


foe Te ee ed PORT A ADDRESS COUNTER (HIGH BYTE) 


Read Register 5 


Seen zeee: PORT B ADDRESS COUNTER (LOW BYTE) 


Read Register 6 


eae ly PORT B ADDRESS COUNTER (HIGH BYTE) 


Figure 8a. Read Registers 
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Programming 


(Continued) 


Write Register 0 Group 


fo{ | | | | | | | Base REGISTER BYTE 


DO NOT USE 
TRANSFER 

SEARCH 
SEARCH/TRANSFER 


Wow tt 


PORT A STARTING ADDRESS 
(LOW BYTE) 


PORT A STARTING ADDRESS 
(HIGH BYTE) 


BLOCK LENGTH 
(LOW BYTE) 


CIEE TTT TT) eich sere" 
(HIGH BYTE) 


Write Register 1 Group 
D, Ds Ds DO, D3 D, D, Do 


fol | | | [1]0/0 | ease recister Byte 


0 = PORT A IS MEMORY 

1 = PORT AIS 1/0 

= PORT A ADDRESS DECREMENTS 
= PORT A ADDRESS INCREMENTS 


= PORT A ADDRESS FIXED 


R ENDS % CYCLE EARLY = 0 0 0 = CYCLE LENGTH = 4 
RD ENDS 2 CYCLE EARLY =0 0 1 = CYCLE LENGTH = 3 
MREQ ENDS %2 CYCLE EARLY = 0 1 0 = CYCLE LENGTH = 2 

1__1 = DO NOT USE 
0 = JORG ENDS ‘2 CYCLE EARLY 


Write Register 2 Group 
D; Dg Ds Dy Dz D2 Dy Dy 


fo] | | [ | 0/0] 0 }BAse REGISTER BYTE 


0 = PORT B IS MEMORY 

= PORT BIS 1/0 

PORT B ADDRESS DECREMENTS 
PORT B ADDRESS INCREMENTS 


} = PORT B ADDRESS FIXED 


his 


420 
=0o-80 


WR ENDS ¥ CYCLE EARLY = 0 
RD ENDS % CYCLE EARLY =0 
MREG ENDS 12 CYCLE EARLY = 0 


= CYCLE LENGTH = 4 

= CYCLE LENGTH = 3 

= CYCLE LENGTH = 2 
DO NOT USE 

0 = IORQ ENDS % CYCLE EARLY 


Write Register 3 Group 
D, De Ds Dy Dg Dz Dy Dy 


fa{ { | | | [0 | 0 [BASE ReqisTeR BYTE 


1 = STOP ON MATCH 


DMA ENABLE = 1 | 
INTERRUPT ENABLE = 1 


MASK BYTE (0 = COMPARE) 


MATCH BYTE 


PORT B VARIABLE TIMING BYTE 


Write Register 4 Group 
D; Ds Ds; Dy, Dz; Dz D, Dy 


fa] | | | | | 0] 4] BAse reGisteR BYTE 


+38 0 Oe— 


BYTE = | 
CONTINUOUS = 1 
BURST = 0 

DO NOT PROGRAM = 1 


PORT B STARTING ADDRESS 
(LOW BYTE) 


PORT B STARTING ADDRESS 
(HIGH BYTE) 


fof | | | | [| ]interruer controt syte 


1 = INTERRUPT ON MATCH 
1 = INTERRUPT AT END OF BLOCK 
1 = PULSE GENERATED 


INTERRUPT ON RDY = 1 
STATUS AFFECTS VECTOR = 1 


0 
1 
0 
1 


“3 30 OoO-— 


VECTOR IS AUTOMATICALLY = INTERRUPT ON RDY 
MODIFIED AS SHOWN = INTERRUPT ON MATCH 
ONLY IF “STATUS = INTERRUPT ON END OF BLOCK 
AFFECTS VECTOR” BIT IS SET = INTERRUPT ON MATCH 
AND END OF BLOCK 
Write Register 5 Group 


D, Dg Ds Dy Dz Dz Dy Do 


l1{/o0!} | | |0[1 [0 | Base recisTeR BYTE 


= READY ACTIVE LOW 
= READY ACTIVE HIGH 
0 = CE ONLY 
1 = CE/WAIT MULTIPLEXED 
= STOP ON END OF BLOCK 
= AUTO RESTART ON END OF BLOCK 


Write Register 6 Group 
D, Dg Ds Dg Dz Dp D, Dy 


f+] | | [| [1] 1] ease recister syre 


| | | | | HEX COMMAND NAME 


10 0 0 0=C3 = RESET 

1 #0 #0 O 1 = C7 = RESET PORT A TIMING 

1 0 0 1 O = CB = RESET PORT B TIMING 

1 0 0 141 1=CF = LOAD 

1 0 14 +O 0 = D3 = CONTINUE 

0 1 #O 1 1 AF = DISABLE INTERRUPTS 

0 1 #©O 1 O = AB = ENABLE INTERRUPTS 

0 1 © O 0O= A3 = RESET AND DISABLE INTERRUPTS 
0 1 #1 #O 1 = B7 = ENABLE AFTER RETI 

Oo 1 #1 #1 #=1+= BF = READ STATUS BYTE 

0 0 O 1 0 = 8B = REINITIALIZE STATUS BYTE 
0 1 #0 O 1 = A7 = INITIATE READ SEQUENCE 
0 1 #1 #©0 0 = B3 = FORCE READY 

0 0 0 O 1 = 87 = ENABLE OMA 

0 0 O O 0 = 83 = DISABLE DMA 

o 1 0 = BB = READ MASK FOLLOWS 


= 14 
Tol | | [ | | J] Reap mask (1 = ENABLE) 
| | | ___ status BYTE 
BYTE COUNTER (LOW BYTE) 


BYTE COUNTER (HIGH BYTE) 
PORT A ADDRESS (LOW BYTE) 
PORT A ADDRESS (HIGH BYTE) 


PORT B ADDRESS (LOW BYTE) 
PORT B ADDRESS (HIGH BYTE) 


Figure 8b. Write Registers 
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Comments 


WRO sets DMA to receive 1 0 
block length, Port A start- Block Length Block Length 

ing address and temooraritly Upper Lower Temporary 
sets Port B as source Follows Follows Address for 


Follows Loading B 
Port A address (lower) 
Port A address (upper) 
Block length (lower) 
Block length (upper) 


WR1 defines Port A as 
memory with fixed No Timing Address Address 
incrementing address Follows Changes Increments 


WR2 defines Port B as 1 
peripheral with fixed No Timing Fixed 
address Follows Address 


WR4 sets mode to Burst, 0 


sets DMA to expect Port B No Interrupt Port B Lower 
address Control Byte Address 


Follows Follows 


Port B address (lower) 


WRS sets Ready active High 
No Wait 
States 


WR6 loads Port B address 
and resets block counter * 


WRO sets Port A as source * 
No Address or Block 
Length Bytes 


WR6 loads Port A address 
and resets block counter 


WR6 enables DMA to start 
operation 


NOTE The actual number of bytes transferred is one more than specified by the block length 
*These entries are necessary only in the case of a fixed destination address 


Figure 9. Sample DMA Program 


Inactive 


In its disabled or inactive state, the DMA is 


State Timing addressed by the CPU as an I/O peripheral for 
(DMA as CPU write and read (control and status) operations. 


Peripheral) 


Active State 


Timing 
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Controller) 
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Write timing 1s illustrated in Figure 10. 
Reading of the DMA’s status byte, byte 
counter or port address counters 18 illustrated 


fora 


Do-D7 


Figure 10. CPU-to-DMA Write Cycle 


Default Read and Write Cycles. By default, 
and after reset, the DMA’s timing of read and 
write operations is exactly the same as the Z-80 
CPU’s timing of read and write cycles for 
memory and I/O peripherals, with one excep- 
tion: during a read cycle, data is latched on 
the falling edge of T3 and held on the data bus 
across the boundary between read and write 
cycles, through the end of the following write 


‘cycle. 


Figure 12 illustrates the timing for memory- 
to-I/O port transfers and Figure 13 illustrates 
I/O-to-memory transfers. Memory-to-memory 
and I/O-to-I/O transfer timings are simply per- 
mutations of these diagrams. 

The default timing uses three T-cycles for 
memory transactions and four T-cycles for I/O 
transactions, which include one automatically 


in Figure 11. These operations require less 
than three T-cycles. The CE, IORQ and 

RD lines are made active over two rising edges 
of CLK, and data appears on the bus approx- 
imately one T-cycle after they become active. 


Figure 11. CPU-to-DMA Read Cycle 


inserted wait cycle between Ty and T3. If the 


CE/WAIT line is programmed to act as a 


WAIT line during the DMA’s active state, it 1s 
sampled on the falling edge of Tz for memory 
transactions and the falling edge of Tw for I/O 
transactions. If CE/WAIT is Low during this 
time another T-cycle is added, during which 
the CE/WAIT line will again be sampled. The 
duration of transactions can thus be indef- 
initely extended. 


Variable Cycle and Edge Timing. The Z-80 
DMA’'s default operation-cycle length for the 
source (read) port and destination (write) port 
can be independently programmed. This 
variable-cycle feature allows read or write 
cycles consisting of two, three or four T-cycles 
(more if Wait cycles are inserted), thereby 
increasing or decreasing the speed of all 
signals generated by the DMA. In addition, 
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Figure 12. Memory-to-I/O Transfer 
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Figure 13. I/O-to-Memory Transfer 


the trailing edges of the IORO, MREO, RD and 
WR signals can be independently terminated 
one-half cycle early. Figure 14 illustrates this. 

In the variable-cycle mode, unlike default 
timing, IORQ comes active one-half cycle 
before MREQ, RD and WR. CE/WAIT can be 
used to extend only the 3 or 4 T-cycle variable 
memory cycles and only the 4-cycle variable 
I/O cycle. The CE/WAIT line is sampled at the 
falling edge of Tz for 3- or 4-cycle memory 
cycles, and at the falling edge of T3 for 4-cycle 
I/O cycles. 

During transfers, data is latched on the 
clock edge causing the rising edge of RD and 
held through the end of the write cycle. 


3 CYCLE CYCLE 
EARLY END EARLY END EARLY END 


Figure 14. Variable-Cycle and Edge Timing 


Bus Requests. Figure 15 illustrates the bus 
request and acceptance timing. The RDY line, 
which may be programmed active High or 
Low, is sampled on every rising edge of CLK. 
If it is found to be active, and if the bus is not 
in use by any other device, the following rising 
edge of CLK drives BUSREO low. After receiv- 
ing BUSREQ the CPU acknowledges on the 
BAI input either directly or through a 
multiple-DMA daisy chain. When a Low is 
detected on BAI for two consecutive rising 
edges of CLK, the DMA will begin transferring 
data on the next rising edge of CLK. 


OMA 
ACTIVE 


OMA 
INACTIVE 


Figure 15. Bus Request and Acceptance 
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BUSREQ 


Bus Release Byte-at-a-Time. In Byte-at-a- 
Time mode, BUSREQ is brought High on the 
rising edge of CLK prior to the end of each 
read cycle (search-only) or write cycle 
(transfer and transfer/search) as illustrated in 
Figure 16. This is done regardless of the state 
of RDY. There is no possibility of confusion 
when a Z-80 CPU is used since the CPU 
cannot begin an operation until the following 
T-cycle. Most other CPUs are not bothered by 
this either, although note should be taken of it. 
The next bus request for the next byte will 
come after both BUSREQ and BAI have 
returned High. 


Bus Release at End of Block. In Burst and 
Continuous modes, an end of block causes 


BUSREQ to go High usually on the same rising 


edge of CLK in which the DMA completes the 
transfer of the data block (Figure 17). The last 
byte in the block is transferred even if RDY 
goes inactive before completion of the last byte 
transfer. 


Bus Release on Not Ready. In Burst mode, 
when RDY goes inactive it causes BUSREQ to 
go High on the next rising edge of CLK after 
the completion of its current byte operation 
(Figure 18). The action on BUSREQ is thus 
somewhat delayed from action on the RDY 
line. The DMA always completes its current 
byte operation in an orderly fashion before 
releasing the bus. 

By contrast, BUSREQ is not released in 
Continuous mode when RDY goes inactive. 


oe 
ee eas: 
| 


DMA ACTIVE ieee al DMA INACTIVE 


Figure 16. Bus Release (Byte-at-a-Time Mode) 
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Figure 18. Bus Release When Not Ready 
(Burst Mode) 


Instead, the DMA idles after completing the 
current byte operation, awaiting an active RDY 
again. 


Bus Release on Match. If the DMA is pro- 
grammed to stop on match in Burst or Con- 
tinuous modes, a match causes BUSREQ to go 
inactive on the next DMA operation, i.e., at 
the end of the next read in a search or at the 
end of the following write in a transfer (Figure 
19). Due to the pipelining scheme, matches 
are determined while the next DMA read or 
write is being performed. 

The RDY line can go inactive after the 
matching operation begins without affecting 
this bus-release timing. 


Interrupts. Timings for interrupt acknowledge 
and return from interrupt are the same as tim- 

ings for these in other Z-80 peripherals. Refer 

to Zilog Application Note 03-0041-01 (The Z-80 
Family Program Interrupt Structure). 

Interrupt on RDY (interrupt before request- 
ing bus) does not directly affect the BUSREO 
line. Instead, the interrupt service routine 
must handle this by issuing the following 
commands to WR6: 


1. Enable after Return From Interrupt (RETI) 
Command — Hex B7 


2. Enable DMA — Hex 87 


3. An RETI instruction that resets the 
Interrupt Under Service latch in the 
Z-80 DMA. 


a sO 


ACTIVE 


eee Sa 


RADY Lao 
INACTIVE 


errant areca 


LAST BYTE 
<——oPERATION——» |< DMA 
IN BLOCK INACTIVE 


Figure 17. Bus Release at End of Block 
(Burst and Continuous Modes) 
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Figure 19. Bus Release on Match 
(Burst and Continuous Modes} 
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Absolute Operating Ambient Stresses greater than those listed under Absolute Maxi- 
Maximum Temperature Under Bias ..As Specified Under mum Ratings may cause permanent damage to the device. 
Rati denne lnlormanon This 1s a stress rating only, operation of the device at any 
S® g 2 : condition above those indicated in the operational sections 
Storage Temperature..... ~65°C to +150°C of these specifications 1s not implied Exposure to absolute 
maximum rating conditions for extended periods may affect 
Voltage On Any Pin with device reliability 
Respect toGround . ...70.3 Vto +7.0V 
Power Dissipation... ......... cee eee LOAN 
Test The characteristics below apply for the All ac parameters assume a load capacitance 
Conditions following test conditions, unless otherwise of 100 pF max. Timing references between two 
noted. All voltages are referenced to GND output signals assume a load difference of 50 
(O V). Positive current flows into the refer- pF max. 
enced pin. Available operating temperature 
ranges are: 
mS* = 0°C to +70°C, oF 
+4.75 VeVoo Ss +5.25 V ik 
mE* = —40°C to +85°C, FUNDER TEST 
+4.75 Vs Vec Ss +5.25 V 
m M* = —55°C to +125°C, ino pe nk 
+45 VeVoos8 +5.5V 
*See Ordering Information section for package 7 = s 
temperature range and product number 
DC Symbol Parameter Min Max Unit Test Condition 
Charac- 
teristics VILc Clock Input Low Voltage -0.3 0.45 V 
VincC Clock Input High Voltage Vec--6 55 V 
Vit Input Low Voltage -0.3 0.8 V 
Vin Input High Voltage 2.0 5:5 V 
VoL Output Low Voltage 0.4 Vs Ipo, = 3.2mA for BUSREQ 
Io, = 2.0 mA for all others 
Vou Output High Voltage 2.4 Vsloyn = 250 pA 
loc Power Supply Current 
Z-80 DMA 150 mA 
Z-80A DMA 200 mA 
hy Input Leakage Current 10 pA Vin = Oto Voc 
lou 3-State Output Leakage Current in Float 10 pA Vout = 2.4 to Voc 
Iron 3-State Output Leakage Current in Float -10 pA Vout = 0.4 V 
Ip Data Bus Leakage Current in Input Mode +10 pA OsVinsVcc 


Voc = 5 V +5% unless otherwise specified, over specified temperature range 


Capacitance Symbol 
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Parameter Min 
C Clock Capacitance 
on Input Capacitance 


Court Output Capacitance 


Over specified temperature range, f = 1 MHz 


Max 


Unit Test Condition 
pF Unmeasured Pins 
pF Returned to Ground 
pF 
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Number Symbol Parameter Min Max Min Max Unit 
] TeC Clock Cycle Time 400 4000 250 4000 ns 
2 TwCh Clock Width (High) 170 2000 110 2000 ns 
3 TwCl Clock Width (Low) 170 2000 110 2000 ns 
4 TrC Clock Rise Time 30 30 ns 
— 5—TIC Clock Fall Time 30 30 ns 
6 Th Hold Time for Any Specified Setup Time 0 0 ns 
7 TsC(Cr) IORO, WR, CE } to Clock t Setup 280 145 ns 
8 TdDO(RDf) — RDI to Data Output Delay 500 380 ns 
9 TsWM(Cr) Data In to Clock t Setup (WR or M1) 50 50 ns 
—1l0—— TdCf(DO) ———IOROQ ! to Data Out Delay (INTA Cycle) 340 160 ns 
1] TdRD(Dz) RD t to Data Float Delay (output buffer 
disable) 160 110 ns 
12 TsIE(IORQ) IE to IORQ } Setup (INTA Cycle) 140 140 ns 
13 TdIEOr(IEIr) _IEI ft to IEO t Delay 210 160 ns 
14 TdIEOL(TIEIf) IEI | to IEO | Delay 190 130 ns 
—15 TdM1(IEO) —__M1 | to IEO | Delay (interrupt just prior to 
M1}) 300 190 ns 
16 TsM1£(Cr) M1 | to Clock t Setup 210 90 ns 
17 TsM1r(Cf) M1 t to Clock | Setup 20 -10 ns 
18 TsRD(Cr) RD 3 to Clock t Setup (M1 Cycle) 240 115 ns 
19  TdI(INT) Interrupt Cause to INT | Delay (INT generated 
only when DMA is inactive) 500 500 ns 
__20 __ TdBAIr(BAOr)_BAI t to BAO t Delay 200 _____150 ns 
21 TdBAIf(BAOf) BAI | to BAO ! Delay 200 150 ns 
22 TsRDY(Cr) RDY Active to Clock t Setup 150 100 ns 


NOTE 


Z-80 DMA Z-80A DMA 


1 Negative minimum setup values mean that the first-mentioned event can come after the second-mentioned event 
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Active 
State 

AC 
Character- 
istics 


Z-80 DMA Z-80A DMA 
Number Symbol Parameter Min(ns) Max(ns) Min(ns) Max(ns) 
] TcC Clock Cycle Time 400 250 
2 TwCh Clock Width (High) 180 2000 110 2000 
3 TwCl Clock Width (Low) 180 2000 110 2000 
4 Trc Clock Rise Time 30 30 
—_— 5—_—_ Tf C ——_———-Clock Fall Time 30 30>" 
6 TdA Address Output Delay 145 110 
i, TdC(Az) Clock t to Address Float Delay 110 90 
8 TsA(MREQ) Address to MREO | Setup (Memory Cycle) (2) +(5)-75 (2) + (5)-75 
9  TsA(IRW) Address Stable to TORQ, RD, WR | Setup 
(I/O Cycle) (1)-80 (1)-70 
*]0-—-TdRW(A)——RD, WR | to Addr. Stable Delay (3) + (4)-40 (3) + (4)-50 
*1] TdRW(Az) RD, WR t to Addr. Float , (3) + (4)-60 (3) + (4)-45 
12 TdCt(DO) Clock | to Data Out Delay 230 150 
es a TdCr(Dz) Clock t to Data Float Delay (Write Cycle) 90 90 
14 TsDI(Cr) Data In to Clock t Setup (Read cycle when 
rising edge ends read) 50 35 
——15——TsDI(Cf) Data In to Clock | Setup (Read cycle when 
falling edge ends read) 60 50 
*16 TsDO(WIM) Data Out to WR | Setup (Memory Cycle) (1)-210 (1)-170 
17 TsDO(WII) Data Out to WR | Setup (I/O cycle) 100 100 
*18 TdWr(DO) WR t to Data Out Delay (3) + (4)-80 (3) + (4)-70 
19 Th Hold Time for Any Specified Setup Time 0 0 
—20——TdCf(Mf)—Clock | to MREO | Delay 100 go 
21 TdCr(Mr) Clock t to MREQ 1 Delay 100 85 
22 TdCf(Mr) Clock | to MREO t Delay 100 85 
23 TwM]l MREO Low Pulse Width (1)-40 (1)-30 
*24  TwMh MREO High Pulse Width (2) + (5)-30 (2) + (5)-20 
—25——TdCr(If) Clock | to IORQ | Delay 90 15 
26 TdCr(Ir) Clock t to IORO t Delay 100 85 
"27 TdCi(Ir) Clock | to IORO t Delay 110 85 
28 TdCr(Rf) Clock t to RD | Delay 100 85 
29 TdCt(Rf) Clock | to RD | Delay 130 95 
—30-——TdCr(Rr) ——Clock 1 to RD 1t Delay 00S SS 
31 TdCi(Rr) Clock | to RD t Delay 110 85 
32 TdCr(Wf) Clock t to WR | Delay 80 65 
33 TdCf(Wf) Clock | to WR | Delay 90 80 
34 TdCr(Wr) Clock t to WR t Delay 100 80 
—35——TdCt(Wr) Clock | to WR t Delay 100 80— 
36 TwW1 WR Low Pulse Width (1)-40 (1)-30 
37 TsWA(Cf) WAIT to Clock } Setup 70 70 
38  TdCr(B) Clock t to BUSREQ Delay 150 100 
39. TdCr(Iz) Clock t to IOROQ, MREO, RD, WR Float 
Delay 100 80 


NOTES. 


1. Numbers in parentheses are other parameter-numbers 1n this table, their values should be substituted in equations. 


2 All equations imply DMA default (standard) timing 


3 Data must be enabled onto data bus when RD 1s active. 


4 Asterisk (*) before parameter number means the parameter 1s not illustrated in the AC Timing Diagrams 
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Ordering 
Information 


Product 
Number 
Z8410 
28410 
Z8410 
Z8410 
Z8410 
Z8410 
Z8410 
Z8410 


Package/ 
Temp 


CE 
CM 
CMB 
CS 
DE 
DS 
PE 
PS 


Speed 


2.5 MHz 
2.5 MHz 
2.5 MHz 
2.5 MHz 
2.5 MHz 
2.5 MHz 
2.5 MHz 
2.5 MHz 


Description 


Z80 DMA (40-pin) 
Same as above 
Same as above 
Same as above 
Same as above 
Same as above 
Same as above 


Same as above 


MIL-STD-883, Class B processing, S = 0°C to + 70°C. 


Product 
Number 
Z8410A 
Z8410A 
Z8410A 
Z8410A 
Z8410A 
Z8410A 
Z8410A 
Z8410A 


Package/ 
Temp 


CE 
CM 
CMB 
CS 
DE 
DS 
PE 
PS 


Speed 


4.0 MHz 
4.0 MHz 
4.0 MHz 
4.0 MHz 
4.0 MHz 
4.0 MHz 
4.0 MHz 
4.0 MHz 


Description 


Z80A DMA (40-pin) 
Same as above 
Same as above 
Same as above 
Same as above 
Same as above 
Same as above 


Same as above 


*NOTES: C = Ceramic, D = Cerdip, P = Plastic; E = -40°C to +85°C, M = -55°C to +125°C, MB = -55°C to +125°C with 


a NC ea ee) 
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28420 
Z80° PIO Parallel 
Input/Output Controller 


Product 


: ags a 
Zilog Specification 
June 1982 
Features @ Provides a direct interface between Z-80 @ Programmable interrupts on peripheral 
microcomputer systems and peripheral status conditions. 
devices. m Standard Z-80 Family bus-request and 
@ Both ports have interrupt-driven handshake prioritized interrupt-request daisy chains 
for fast response. implemented without external logic. 
@ Four programmable operating modes: byte m The eight Port B outputs can drive Dar- 
input, byte output, byte input/output (Port A lington transistors (1.5 mA at 1.5 V). 
only), and bit input/output. 
General The Z-80 PIO Parallel I/O Circuit 1s a pro- accomplished under interrupt control. Thus, 
Description grammable, dual-port device that provides a the interrupt logic of the PIO permits full use 


2006-0297, 0298 


TTL-compatible interface between peripheral 
devices and the Z-80 CPU. The CPU contfig- 
ures the Z-80 PIO to interface with a wide 
range of peripheral devices with no other 
external logic. Typical peripheral devices that 
are compatible with the Z-80 PIO include most 
keyboards, paper tape readers and punches, 
printers, PROM programmers, etc. 

One characteristic of the Z-80 peripheral 
controllers that separates them from other 
interface controllers 1s that all data transfer 
between the peripheral device and the CPU 18 


DATA 
BUS 


PORT A 


2-80 PIO 


PIO 
CONTROL 


PORT B 


INTERRUPT 
CONTROL 


Figure 1. Pin Functions 


of the efficient interrupt capabilities of the 
Z-80 CPU during I/O transfers. All logic 
necessary to implement a fully nested interrupt 
structure 1s included 1n the PIO. 

Another feature of the PIO 1s the ability to 
interrupt the CPU upon occurrence of speci- 
fied status conditions in the peripheral device. 
For example, the PIO can be programmed to 
interrupt uf any specified peripheral alarm con- 
ditions should occur. This interrupt capability 
reduces the time the processor must spend in 
polling peripheral status. 


0 3 
2-80 PIO 
1 3 


Figure 2. Pin Assignments 
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General 
Description 
(Continued) 


The Z-80 PIO interfaces to peripherals via 
two independent general-purpose I/O ports, 
designated Port A and Port B. Each port has 
eight’ data bits and two handshake signals, 
Ready and Strobe, which control data transfer. 
The Ready output indicates to the peripheral 
that the port 1s ready for a data transfer. 
Strobe is an input from the peripheral that 
indicates when a data transfer has occurred. 


Operating Modes. The Z-80 PIO ports can be 
programmed to operate in four modes: byte 
output (Mode Q), byte input (Mode 1), byte 
input/output (Mode 2) and bit input/output 
(Mode 3). 

In Mode 0, either Port A or Port B can be 
programmed to output data. Both ports have 
output registers that are individually addressed 
by the CPU; data can be written to either port 
at any time. When data 1s written to a port, an 
active Ready output indicates to the external 
device that data 1s available at the associated 
port and 1s ready for transfer to the external 
device. After the data transfer, the external 
device responds with an active Strobe input, 
which generates an interrupt, if enabled. 

In Mode 1, either Port A or Port B can be 
configured in the input mode. Each port has 
an input register addressed by the CPU. When 
the CPU reads data from a port, the PIO sets 
the Ready signal, which 1s detected by the 
external device. The external device then 
places data on the I/O lines and strobes the 
I/O port, which latches the data into the Port 
Input Register, resets Ready, and triggers the 
Interrupt Request, 1f enabled. The CPU can 
read the input data at any time, which again 
sets Ready. 

Mode 2 1s bidirectional and uses Port A, 
plus the interrupts and handshake signals from 
both ports. Port B must be set to Mode 3 and 
masked off. In operation, Port A is used for 
both data input and output. Output operation 
is similar to Mode 0 except that data is allowed 
out onto the Port A bus only when ASTB 1s 
Low. For input, operation is similar to Mode 1, 
except that the data input uses the Port B 
handshake signals and the Port B interrupt (1f 
enabled). 

Both ports can be used in Mode 3. In this 
mode, the individual bits are defined as either 
Input or output bits. This provides up to eight 
separate, individually defined bits for each 
port. During operation, Ready and Strobe are 


not used. Instead, an interrupt 1s generated if 
the condition of one input changes, or if all 
inputs change. The requirements for gener- 
ating an interrupt are defined during the pro- 
gramming operation; the active level is 
specified as either High or Low, and the logic 
condition 1s specified as either one input active 
(OR) or all inputs active (AND). For example, 
if the port 1s programmed for active Low 
inputs and the logic function 1s AND, then all 
inputs at the specified port must go Low to 
generate an interrupt. 

Data outputs are controlled by the CPU and 
can be written or changed at any time. 


@ Individual bits can be masked off. 


@ The handshake signals are not used in 
Mode 3; Ready is held Low, and Strobe is 
disabled. 


m When using the Z-80 PIO interrupts, the 
Z-80 CPU interrupt mode must be set to 
Mode 2. 


SYSTEM 
BUSES 


1El 
ZCITO, 


cTc | 
ZCITO2 INT 
IEO 


Figure 3. PIO in a Typical Z80 Family Environment 
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The internal structure of the Z-80 PIO con- 
sists of a Z-80 CPU bus interface, internal con- 
trol logic, Port A I/O logic, Port B I/O logic, 
and interrupt control logic (Figure 4). The 
CPU bus interface logic allows the Z-80 PIO to 
interface directly to the Z-80 CPU with no 
other external logic. The internal control logic 
synchronizes the CPU data bus to the per- 
ipheral device interfaces (Port A and Port B). 
The two I/O ports (A and B) are virtually 
identical and are used to interface directly to 
peripheral devices. 


Internal 
Structure 


Port Logic. Each port contains separate input 
and output registers, handshake control logic, 
and the control registers shown 1n Figure 5. 
All data transfers between the peripheral unit 
and the CPU use the data input and output 
registers. The handshake logic associated with 
each port controls the data transfers through 
the input and the output registers. The mode 
control register (two bits) selects one of the 
four programmable operating modes. 

The control mode (Mode 3) uses the remain- 
ing registers. The input/output control register 
specifies which of the eight data bits in the 
port are to be outputs and enables these bits; 
the remaining bits are inputs. The mask reg- 
ister and the mask control register control 
Mode 3 interrupt conditions. The mask register 
specifies which of the bits in the port are 
active and which are masked or inactive. 


INTERNAL 
CONTROL 
LOGIC 


INTERNAL BUS 


INTERRUPT 
CONTROL 


INTERRUPT CONTROL LINES 


The mask control register specifies two 
conditions: first, whether the active state of 
the input bits is High or Low, and second, 
whether an interrupt 1s generated when any 
one unmasked input bit 1s active (OR cond- 
tion) or if the interrupt 1s generated when 
all unmasked input bits are active (AND 
condition). 


Interrupt Control Logic. The interrupt control 
logic section handles all CPU interrupt pro- 
tocol for nested-priority interrupt structures. 
Any device's physical location in a daisy-chain 
configuration determines its priority. Two lines 
(IEI and IEO) are provided in each PIO to 
form this daisy chain. The device closest to the 
CPU has the highest priority. Within a PIO, 
Port A interrupts have higher priority than 
those of Port B. In the byte input, byte output, 
or bidirectional modes, an interrupt can be 
generated whenever the peripheral requests a 
new byte transfer. In the bit control mode, an 
interrupt can be generated when the periph- 
eral status matches a programmed value. The 
PIO provides for complete control of nested 
interrupts. That is, lower priority devices may 
not interrupt higher priority devices that have 
not had their interrupt service routines com- 
pleted by the CPU. Higher priority devices 
may interrupt the servicing of lower priority 
devices. 


DATA 
OR CONTROL 
} HANDSHAKE 
PERIPHERAL 
INTERFACE 
DATA 
OR CONTROL 
}nnosnane 


Figure 4. Block Diagram 
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Internal 
Structure 
(Continued) 
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It the CPU (in interrupt Mode 2) accepts an 
interrupt, the interrupting device must provide 
an 8-bit interrupt vector for the CPU. This vec- 
tor forms a pointer to a location in memory 
where the address of the interrupt service 
routine is located. The 8-bit vector from the 
interrupting device forms the least significant 
eight bits of the indirect pointer while the 
I Register in the CPU provides the most signifi- 
cant eight bits of the pointer. Each port (A and 
B) has an independent interrupt vector. The 
least significant bit of the vector 1s automati- 
cally set to O within the PIO because the 
pointer must point to two adjacent memory 
locations for a complete 16-bit address. 

Unhke the other Z-80 peripherals, the PIO 
does not enable interrupts immediately after 
programming. It waits until M1 goes Low (e.g., 
during an opcode fetch). This condition 1s 
unimportant in the Z-80 environment but might 
not be if another type of CPU 1s used. 

The PIO decodes the RETI (Return From 


(2 BITS) 


INTERNAL BUS 


* 


* 


MASK 
CONTROL 
REGISTER 

(2 BITS) 


MASK 
REGISTER 
(8 BITS) 


“Used in the bit mode only to allow generation of an 


interrupt if the peripheral I/O pins go to the specified state. 


INTERRUPT 
CONTROL 
LOGIC 


Interrupt) instruction directly from the CPU 
data bus so that each PIO 1n the system knows 
at all times whether it 1s being serviced by the 
CPU interrupt service routine. No other com- 
munication with the CPU is required. 


CPU Bus I/O Logic. The CPU bus interface 
logic interfaces the Z-80 PIO directly to the 
Z-80 CPU, so no external logic is necessary. 
For large systems, however, address decoders 
and/or buffers may be necessary. 


Internal Control Logic. This logic receives the 
control words for each port during program- 
ming and, 1n turn, controls the operating func- 
tions of the Z-80 PIO. The control logic syn- 
chronizes the port operations, controls the port 
mode, port addressing, selects the read/write 
function, and issues appropriate commands to 
the ports and the interrupt logic. The Z-80 PIO 
does not receive a write input from the CPU; 
instead, the RD, CE, C/D and IORO signals 
generate the write input internally. 


* 
INPUT/ 


REGISTER 
(8 BITS) 


(8 BITS) 


8-BIT 1/0 BUS 


DATA 
INPUT 
REGISTER 
(8 BITS) 


HANDSHAKE 
STROBE ( CONTROL 
———__— 


Figure 5. Typical Port I/O Block Diagram 
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Programming Mode 0, I, or 2. (Byte Input, Output, or 


Bidirectional). Programming a port tor Mode 
O, 1, or 2 requires two words per port. These 
words are: 


A Mode Control Word. Selects the port operating mode 
(Figure 6). This word may be written any time. 


An Interrupt Vector. The Z-80 PIO 1s designed for use with 
the Z-80 CPU in interrupt Mode 2 (Figure 7). When inter- 
rupts are enabled, the PIO must provide an interrupt 
vector. 


Mode 3. (Bit Input/Output). Programming a 
port for Mode 3 operation requires a control 
word, a vector (if interrupts are enabled), and 
three additional words, described as follows: 


I/O Register Control. When Mode 3 1s selected, the mode 
control word must be followed by another control word that 
sets the I/O control register, which in turn defines which 
port lines are inputs and which are outputs (Figure 8). 


[Or[BefOs oo] +} 4] §| 


ie Cee IDENTIFIES MODE 
CONTROL WORD 
DON’T CARE 
MODE SELECT 


0 0 MODE 0 
0 1 MODE1 
1 0 MODE2 
1 1 MODE3 


Figure 6. Mode Control Word 


[Pr] Bs ]s] Ds Ds] 02] Ds] 0 | 


LL IDENTIFIES INTERRUPT 
VECTOR 


USER SUPPLIED INTERRUPT 
VECTOR 


Figure 7. Interrupt Vector Word 


[27] Bs [Ds] Ds] Ds [D2] Ds [Do] 
| 0 SETS BIT TO OUTPUT 


1 SETS BIT TO INPUT 


Figure 8. I/O Register Control Word 


Interrupt Control Word. In Mode 3, handshake 1s not 
used. Interrupts are generated as a logic function of the 
input signal levels. The interrupt control word sets the 
logic conditions and the logic levels required for gener- 
ating an interrupt. Two logic conditions or functions are 
available: AND (if all input bits change to the active level, 
an interrupt 1s triggered), and OR (if any one of the input 
bits changes to the active level, an interrupt 1s triggered). 
Bit Dg sets the logic function, as shown 1n Figure 9. The 
active level of the input bits can be set either High or Low. 
The active level 1s controlled by Bit Ds. 


Mask Control Word. This word sets the mask control 
register, allowing any unused bits to be masked off If any 
bits are to be masked, then D4 must be set. When Dz is set, 
the next word written to the port must be a mask control 
word (Figure 10). 


Interrupt Disable. There is one other control 
word which can be used to enable or disable a 
port interrupt. It can be used without changing 
the rest of the interrupt control word 

(Figure 11). 


CACC 


| IDENTIFIES INTERRUPT 
CONTROL WORD 
D4 = 0 NO MASK WORK FOLLOWS 
D4, = 1 MASK WORD FOLLOWS 
Ds = 0 ACTIVE LEVEL IS LOW 
Ds = 1 ACTIVE LEVEL IS HIGH 
Dg = 0 INTERRUPT ON OR FUNCTION 
Dg = 1 INTERRUPT ON AND FUNCTION 
D7 = 0 INTERRUPT DISABLED 


D7 = 1 INTERRUPT ENABLED* 


*NOTE. THE PORT IS NOT ENABLED UNTIL 
THE INTERRUPT ENABLE IS FOLLOWED 
BY AN ACTIVE M1 


Figure 9. Interrupt Control Word 
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MBo-MB; MASK BITS. A 
BIT iS MONITORED FOR AN 
INTERRUPT IF ITIS 


DEFINED AS AN INPUT AND 
THE MASK BIT IS SET TO 0. 


Figure 10. Mask Control Word 
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| IDENTIFIES INTERRUPT 
DISABLE WORD 
DON’T CARE 


D7 = 0 INTERRUPT DISABLE 
D7 = 1 INTERRUPT ENABLE 


Figure 11. Interrupt Disable Word 
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Pin 
Description 
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Ao- Az. Port A Bus (bidirectional, 3-state). 
This 8-bit bus transfers data, status, or control 
information between Port A of the PIO anda 


peripheral device. Ag is the least significant 
bit of the Port A data bus. 


ARDY. Register A Ready (output, active 
High). The meaning of this signal depends on 
the mode of operation selected for Port A as 
follows: 


Output Mode. This signal goes active to indicate that the 
Port A output register has been loaded and the peripheral 
data bus is stable and ready for transfer to the peripheral 
device. 


Input Mode. This signal is active when the Port A input 
register 1s empty and ready to accept data from the 
peripheral device. 

Bidirectional Mode. This signal 1s active when data 1s 
available in the Port A output register for transfer to the 
peripheral device In this mode, data 1s not placed on the 
Port A data bus, unless ASTB 1s active. 

Control Mode. This signal is disabled and forced to a Low 
state. 

ASTB. Port A Strobe Pulse From Peripheral 
Device (input, active Low). The meaning of 
this signal depends on the mode of operation 
selected tor Port A as follows: 


Output Mode. The positive edge of this strobe 1s issued by 
the peripheral to acknowledge the receipt of data made 
available by the PIO 


Input Mode. The strobe 1s issued by the peripheral to load 
data from the peripheral into the Port A input register. 
Data 1s loaded into the PIO when this signal 1s active 


Bidirectional Mode. When this signal is active, data from 
the Port A output register is gated onto the Port A bidirec- 
tional data bus. The positive edge of the strobe acknowl- 
edges the receipt of the data. 


Control Mode. The strobe 1s inhibited internally. 

Bo-By. Port B Bus (bidirectional, 3-state). This 
8-bit bus transfers data, status, or control 
information between Port B and a peripheral 
device. The Port B data bus can supply 


1.5 mA at 1.5 V to drive Darlington transistors. 


Bo is the least significant bit of the bus. 
B/A. Port B Or A Select (input, High = B). 


This pin defines which port is accessed during 
a data transfer between the CPU and the PIO. 
A Low on this pin selects Port A; a High 
selects Port B. Often address bit Ap from the 
CPU is used for this selection function. 


BRDY. Register B Ready (output, active High). 


This signal is similar to ARDY, except that in 
the Port A bidirectional mode this signal 1s 
High when the Port A input register is empty 
and ready to accept data from the peripheral 
device. 


BSTB. Port B Strobe Pulse From Peripheral 
Device (input, active Low). This signal is 
similar to ASTB, except that in the Port A 
bidirectional mode this signal strobes data 
from the peripheral device into the Port A 
input register. 


C/D. Contro/ Or Data Select (input, 

High = C). This pin defines the type of data 
transfer to be performed between the CPU and 
the PIO. A High on this pin during a CPU 
write to the PIO causes the Z-80 data bus to be 
interpreted as a command for the port selected 
by the B/A Select line. A Low on this pin 
means that the Z-80 data bus is being used to 
transfer data between the CPU and the PIO. 
Often address bit A) from the CPU is used for 


this function. 


CE. Chip Enable (input, active Low). A Low 
on this pin enables the PIO to accept com- 
mand or data inputs from the CPU during a 
write cycle or to transmit data to the CPU dur- 
ing a read cycle. This signal is generally 
decoded from four I/O port numbers for Ports 
A and B, data, and control. 

CLK. System Clock (input). The Z-80 PIO uses 
the standard single-phase Z-80 system clock. 


Do-Dy7. 2-80 CPU Data Bus (bidirectional, 
3-state). This bus 1s used to transfer all data 
and commands between the Z-80 CPU and the 
Z-80 PIO. Do is the least significant bit. 


TEI. Jnterrupt Enable In (input, active High). 
This signal 1s used to form a priority-interrupt 
daisy chain when more than one interrupt- 
driven device is being used. A High level on 
this pin indicates that no other devices of 
higher priority are being serviced by a CPU 
interrupt service routine. 


IEO. Interrupt Enable Out (output, active 
High). The IEO signal 1s the other signal 
required to form a daisy chain priority scheme. 
It is High only if IEI is High and the CPU is 
not servicing an interrupt from this PIO. Thus 
this signal blocks lower priority devices from 
interrupting while a higher priority device 1s 
being serviced by its CPU interrupt service 
routine. 


INT. Interrupt Request (output, open drain, 
active Low). When INT is active the Z-80 PIO 
is requesting an interrupt from the Z-80 CPU. 


IORQ. Input/Output Request (input from Z-80 
CPU, active Low). IORQ is used in conjunc- 
tion with B/A, C/D, CE, and RD to transfer 
commands and data between the Z-80 CPU and 
the Z-80 PIO. When CE, RD, and IOROQ are 
active, the port addressed by B/A transfers 
data to the CPU (a read operation). Con- 
versely, when CE and IORO are active but RD 
is not, the port addressed by B/A is written 
into from the CPU with either data or control 
information, as specified by C/D. Also, if 
IORO and M1 are active simultaneously, the 
CPU is acknowledging an interrupt; the inter- 
rupting port automatically places its interrupt 
vector on the CPU data bus if it is the highest 
priority device requesting an interrupt. 


Pin M1. Machine Cycle (input from CPU, active the PIO interrupt logic, when M1 occurs 


Description Low). This signal is used as a sync pulse to without an active RD or IORO signal, the PIO 

(Continued) control several internal PIO operations. When is reset. 
both the M1 and RD signals are active, the RD. Read Cycle Status (put from Z-80 CPU, 
2-80 CPU 1s fetching an instruction from active Low). If RD 1s active, or an I/O opera- 
memory. Conversely, when both Ml and tion 18 1n progress, RD 1s used with B/A, C/D, 
IORO are active, the CPU _1s acknowledging CE, and IORO to transfer data from the Z-80 
an interrupt. In addition, M1 has two other PICS HeZ-80 CRU. 
functions within the Z-80 PIO: it synchronizes 

Timing The following timing diagrams show typical ty : ae ty i 


timing in a Z-80 CPU environment. For more wine | | | | 


precise specifications refer to the composite 


Write Cycle. Figure 12 illustrates the 


timing for programming the Z-80 PIO cE \ / 


or for writing data to one of its ports. No 


Wait states are allowed for writing to the oo = =—ti(itC lf 


PIO other than the automatically inserted 

Twa. The PIO does not receive a speci- aa ne? “ae eS Gee 
fic write signal; it internally generates 

its own from the lack of an active = 

RD signal. it ey, 


*WR = RDe CEe C/De IORO 


Figure 12. Write Cycle Timing 


Read Cycle. Figure 13 illustrates the timing 
for reading the data input from an external 

device to one of the Z-80 PIO ports. No Wait oe al es el ea elie 
states are allowed for reading the PIO other —— 

than the automatically inserted Twa. peony > ee 
Output Mode (Mode 0). An output cycle ce ai 
(Figure 14) is always started by the execution 

of an output instruction by the CPU. The WR* — 

pulse from the CPU latches the data from the se Ney 
CPU data bus into the selected port's output = 

register. The WR* pulse sets the Ready flag ae i, as ae 
after a Low-going edge of CLK, indicating 

data is available. Ready stays active until the DATA ur 
positive edge of the . trobe line is received, 


indicating that data was taken by the periph- RD* is: ree ae 


eral. The positive edge of the strobe pulse Se atten eit era) 
generates an INT if the interrupt enable flip- 7 
flop has been set and if this device has the 


highest priority. Figure 13. Read Cycle Timing 


STROBE J 


int \ 
*WR = RDe® CEe C/De IORO 


_ Figure 14. Mode 0 Output Timing 


2006-0324, 0325, 0326 73 


Timing 
(Continued) 


Input Mode (Mode 1). When STROBE goes 
Low, data is loaded into the selected port input 
register (Figure 15). The next rising edge of 
strobe activates INT, if Interrupt Enable is set 
and this is the highest-priority requesting 
device. The following falling edge of CLK 


resets Ready to an inactive state, indicating 


CLK 


STROBE gf 
SAMPLE 
port nes 


meur _____ _X__X_) 


READY 


*RD = RDe CEe C/D e JORO 


that the input register is full and cannot accept 
any more data until the CPU completes a read. 
When a read is complete, the positive edge of 
RD sets Ready at the next Low-going transition 
of CLK. At this time new data can be loaded 
into the PIO. 


Figure 15. Mode 1 Input Timing 


Bidirectional Mode (Mode 2). This is a com- 
bination of Modes 0 and 1 using all four hand- 
shake lines and the eight Port A I/O lines 
(Figure 16). Port B must be set to the bit mode 
and its inputs must be masked. The Port A 
handshake lines are used for output control 
and the Port B lines are used for input control. 


ARDY 
ASTB 


PORTA 
DATA BUS 


DATA OUT 


If interrupts occur, Port A's vector will be used 
during port output and Port B’s will be used 
during port input. Data is allowed out onto the 
Port A bus only when ASTB is Low. The rising 
edge of this strobe can be used to latch the 
data into the peripheral. 


DATA iN 


SAMPLE 


mL 


BSTB 
BRDY 


*WR = RDe CEe C/De IORO 


Figure 16. Mode 2 Bidirectional Timing 
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Timing 
(Continued) 


Bit Mode (Mode 3). The bit mode does not 
utilize the handshake signals, and a normal 
port write or port read can be executed at any 
time. When writing, the data is latched into 
the output registers with the same timing as the 
output mode (Figure 17). 

When reading the PIO, the data returned to 
the CPU 1s composed of output register data 
from those port data lines assigned as outputs 
and input register data from those port data 


CLK 


PORT 
DATA BUS 


DATA MATCH 
OCCURS HERE 


lines assigned as inputs. The input register 
contains data that was present immediately 
prior to the falling edge of RD. An interrupt is 
generated if interrupts from the port are 
enabled and the data on the port data lines 
satisty the logical equation defined by the 8-bit 
mask and 2-bit mask control registers. How- 
ever, if Port A 1s programmed in bidirectional 
mode, Port B does not issue an interrupt in bit 
mode and must therefore be polled. 


DATA WORD 1 DATA WORD 2 


Do-D7 DATA IN 


*Timing Diagram Refers to Bit Mode Read 


DATA WORD 1 PLACED ON BUS 


Figure 17. Mode 3 Bit Mode Timing 


Interrupt Acknowledge Timing. During M1 
time, peripheral controllers are inhibited from 
changing their interrupt enable status, permit- 
ting the Interrupt Enable signal to ripple 
through the daisy chain. The peripheral with 
IEI High and IEO Low during INTACK places 
a preprogrammed 8-bit interrupt vector on the 
data bus at this time (Figure 18). IEO 1s held 
Low until a Return From Interrupt (RETI) 
instruction 1s executed by the CPU while IEI 1s 
High. The 2-byte RETI instruction 1s decoded 
internally by the PIO for this purpose. 


Return From Interrupt Cycle. If a Z-80 per- 
ipheral has no interrupt pending and 1s not 
under service, then its IEO = IEI. If it has an 
interrupt under service (1.e., 1t has already 
interrupted and received an interrupt acknowl- 
edge) then its IEO 1s always Low, inhibiting 
lower priority devices from interrupting. If it 
has an interrupt pending which has not yet 
been acknowledged, IEO is Low unless an 
“ED” 1s decoded as the first byte of a 2-byte 
opcode (Figure 19). In this case, IEO goes 
High until the next opcode byte is decoded, 
whereupon it goes Low again. If the second 
byte of the opcode was a “4D,” then the 
opcode was an RETI instruction. 

Atter an “ED” opcode is decoded, only the 
peripheral device which has interrupted and 1s 
currently under service has its IE] High and its 


LAST T 
ant 1 | Ta | Twa 


CLK 
SAMPLE 
—_ INT 


INT 


T3 


Twa 


INDICATE 
INTERRUPT 
ACKNOWLEDGE 


| IORQ AND M1 
INTACK 


Figure 18. Interrupt Acknowledge Timing 


IEO Low. This device 1s the highest-priority 
device in the daisy chain that has received an 
interrupt acknowledge. All other peripherals 
have IEI = IEO. If the next opcode byte 
decoded 1s “4D,” this peripheral device resets 
its “interrupt under service” condition. 


1z0 / 


Figure 19. Return From Interrupt 
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Z-80 PIO 
Min Max 
Number Symbol Parameter (ns) (ns) 
] TcC Clock Cycle Time 400 (1) 
2 TwCh Clock Width (High) 170 2000 
3 TwCl Clock Width (Low) 170 2000 
4 TiC Clock Fall Time 30 
5 —TrC ——————— Clock Rise Time 30 
6  TsCS(RI) CE, B/A, C/D to RD, 
IORQ 3} Setup Time 50 
7 Th Any Hold Times for Specified 
Setup Time 0 
8 TsRI(C) RD, IORO to Clock t Setup 
Time 115 
9 —TdRI(DO) ——RD, IORO Sto Data Out Delay —————— 430 
10 TdRI(DOs) RD, IORO 1 to Data Out Float 
Delay 160 
1] TsDI(C) Data In to Clock t Setup Time 50 
12 TdIO(DOI) IORO } to Data Out Delay 
(INTACK Cycle) 340 
13 —TsM1(Cr) M1 | to Clock t Setup Time 210 
14 = TsM1(Cf) ML to Clock | Setup Time 
(M1 Cycle) 0 
15 TdMI(IEO) Ml} toIEO } Delay (Interrupt 
Immediately Preceding M1 }) 300 
16 TsIEI(IO) IEI to IORQ |} Setup Time 
(INTACK Cycle) 140 
17 —TdlEI(IEOf) ——IEI } to IEO |! Delay 190 
18 TdIEI(IEOr) IEI t to IEO t Delay (after ED 
Decode) 210 
19 TcIO(C) IORQ ft to Clock ! Setup Time 
(To Activate READY on Next 
Clock Cycle) 220 
20 —TdC(RDYr)—— Clock | to READY t Delay 200 
21 TdC(RDYf) Clock | to READY t Delay 150 
22 TwSTB STROBE Pulse Width 150 
23 TsSTB(C) STROBE ft to Clock |! Setup 
Time (To Activate READY on 
Next Clock Cycle) 220 
24 — TdIO(PD)——— IOROQ ft to PORT DATA Stable 
Delay (Mode 0) 200 
25 TsPD(STB) PORT DATA to STROBE tf 
Setup Time (Mode 1) 260 
26 TdSTB(PD) STROBE ! to PORT DATA 
Stable (Mode 2) 230 
27 —-TdSTB(PDr)—— STROBE t to PORT DATA Float 
Delay (Mode 2) 200 
28 TdPD(INT) PORT DATA Match to INT } 
Delay (Mode 3) 540 
29 TdSTB(INT) STROBE t to INT | Delay 490 


NOTES 

[1] TcC = TwCh + TwCl + TrC + TIC. 

[2] Increase TdRI(DO) by 10 ns for each 50 pF increase in load 
up to 200 pF max. 

[3] Increase TdIO(DOI) by 10 ns for each 50 pF, increase in 
loading up to 200 pF max. 

[4] For Mode 2. TwSTB > TsPD(STB) 

[5] Increase these values by 2 ns for each 10 pF increase in 
loading up to 100 pF max. 


Z-80A PIO 
Min Max 
(ms) (ns) 
250 [1] 
105 2000 
105 2000 
30 
30 
50 
0 
115 
——————- 380 
110 
50 
160 
90 
@) 
190 
140 
130 
160 
200 
190 
140 
150 
220 
180 
230 
210 
180 
490 
440 


Z-80B PIO!?! 


Min 
(ns) 


165 
65 
65 


50 


100 


170 
170 


120 
120 


150 


190 


Max 
(ns) 


[1] 
2000 
2000 

20 
20 


100 


120 


160 


160 


180 
160 


430 
350 


Comment 


[6] 


CL = 50 pF 


[3] 


[8] 
[S, 7] 
[7] 
2) Naeem 
CL = 50 pF 


[S] 


(2) epee 
CL = 50 pF 


[S] 
[4] 


[S] 


[S] 


[S] 


CL = 50 pF 


[6] TsCS(RI) may be reduced. However, the time subtracted 
from TsCS(RI) will be added to TdRI(DO). 
[7] 2.5 TcC > (N-2)TdIEI(IEOf) + TdMI(IEO) + TsIEI(IO) 
+ TTL Buffer Delay, if any. 
[8] M1 must be active for a minimum of two clock cycles to 


reset the PIO. 


[9] Z80B PIO numbers are preliminary and subject to change. 


LZ 


Absolute 


Voltages on all inputs and outputs 


Stresses greater than those listed under Absolute Max- 


Maximum with respect toGND.......... -0.3Vto +7.0V mum Ratings may cause permanent damage to the device. 
Ratinas This 1s a stress rating only; operation of the device at any 
g Operating Ambient condition above those indicated in the operational sections 
Temperature ............00005 As Specified in of these specifications 1s not imphed. Exposure to absolute 
Ordena Information maximum rating conditions for extended periods may affect 
J device reliability. 
Storage Temperature........ -65°C to +150°C 
Test The characteristics below apply for the All ac parameters assume a load capacitance 
Conditions following test conditions, unless otherwise of 100 pF max. Timing references between two 
noted. All voltages are referenced to GND output signals assume a load difference of 
(0 V). Positive current flows into the refer- 50 pF max. 
enced pin. Available operating temperature 
ranges are: 
+5V 
mS* = 0°Cto +70°C, 
+4.75 Vs Voc Ss +5.25 V as 
mE* = —40°C to +85°C, UNDER TEST 
+4.75 V< Veco Ss +5.25 V 
250 
m M* = —55°C to +125°C, uae - 
+45V<eVoco8 +5.5V 
*See Ordering Information section for package = = 7 
temperature range and product number 
DC Symbol Parameter Min Max Unit Test Condition 
Charac- 
teristics Vitc Clock Input Low Voltage -0.3 +045 V 
Vinc Clock Input High Voltage Voc-0.6 +5.5 V 
Vin Input Low Voltage -0.3 +0.8 V 
Vig Input High Voltage +2.0 +5.5 V 
Vor Output Low Voltage +0.4 V Io, = 2.0 mA 
Vou Output High Voltage +2.4 V lou = -250 pA 
Tt Input Leakage Current -10.0 +10.0 pA 0<Vin<Vec 
L 3-State Output/Data Bus Input Leakage Current -10.0 +10.00 pA 0<Vin< Vcc 
loc Power Supply Current 100.0 mA Vou = 1.5V 
loup Darlington Drive Current -1.5 3.8 mA Rext = 390 Q 
Over specified temperature and voltage range 
Capacitance Symbol Parameter Min Max Unit Test Condition 
C Clock Capacitance 10 pF Unmeasured 
pins returned 
Cn Input Capacitance 5 pF Boa 
Cour Output Capacitance 10 pF 
Over specified temperature range; {f = 1MH, 
C8085-0006 


Ordering 
Information 


00-2006-A 


Product 
Number 
Z8420 
28420 
Z8420 
28420 
Z8420 
Z8420 
Z8420 
28420 
Z8420A 
Z8420A 
Z8420A 
Z8420A 


Package/ 
Temp 


CE 
CM 
CMB 
CS 
DE 
DS 
PE 
PS 
CE 
CM 
CMB 
CS 


Speed 


2.5 MHz 
2.5 MHz 
2.5 MHz 
2.5 MHz 
2.5 MHz 
2.5 MHz 
4.0 MHz 
4.0 MHz 
4.0 MHz 
4.0 MHz 
4.0 MHz 
4.0 MHz 


Description 


Z80 PIO (40-pin) 


Same as above 
Same as above 
Same as above 
Same as above 
Same as above 
Same as above 


Same as above 


Z80A PIO (40-pin) 


Same as above 
Same as above 


Same as above 


MIL-STD-883 Class B processing, S = 0°C to +70°C 


Product 
Number 
Z8420A 
Z8420A 
Z8420A 
Z8420A 
Z8420B 
Z8420B 
Z8420B 
Z8420B 
Z8420B 
Z8420B 
Z8420B 
Z8420B 


Package/ 
Temp 


DE 
DS 
PE 
PS 
CE 
CM 
CMB 
CS 
DE 
DS 
PE 
PS 


Speed 


4.0 MHz 
4.0 MHz 
4.0 MHz 
4.0 MHz 
6.0 MHz 
6.0 MHz 
6.0 MHz 
6.0 MHz 
6.0 MHz 
6.0 MHz 
6.0 MHz 
6.0 MHz 


Description 


Z80A PIO (40-pin) 


Same as above 
Same as above 


Same as above 


Z80B PIO (40-pin) 


Same as above 
Same as above 
Same as above 
Same as above 
Same as above 
Same as above 


Same as above 


“NOTES. C = Ceramic, D = Cerdip, P = Plastic, E = -40°C to +85°C, M = -55°C to + 125°C, MB = 55°C to +125°C with 
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Z80° CTC Counter/ 
Timer Circuit 


i 


Product 


* Sau a 
Zilog Specification 
June 1982 

Features m Four independently programmable M Selectable positive or negative trigger 
counter/timer channels, each with a initiates timer operation. 
readable downcounter and a selectable m™ Standard Z-80 Family daisy-chain interrupt 
16 or 256 prescaler. Downcounters are structure provides fully vectored, prioritized 
reloaded automatically at zero count. interrupts without external logic. The CTC 

m Three channels have Zero Count/Timeout may also be used as an interrupt controller. 

outputs capable of driving Darlington m Interfaces directly to the Z-80 CPU or—for 
transistors. baud rate generation—to the Z-80 SIO. 

General The Z-80 CTC four-channel counter/timer each channel 1s programmed with two bytes; a 

Description can be programmed by system software for a third 1s necessary when interrupts are enabled. 


broad range of counting and timing applica- 
tions. The four independently programmable 
channels of the Z-80 CTC satisfy common 
microcomputer system requirements for event 
counting, interrupt and interval timing, and 
general clock rate generation. 

System design 1s simplified because the CTC 
connects directly to both the Z-80 CPU and the 
Z-80 SIO with no additional logic. In larger 
systems, address decoders and buffers may be 
required. 

Programming the CTC 1s straightforward: 


CLK/TRGo 
ZCITOo 


CPU 
DATA 
BUS 


CLK/ITRG, 
ZCITO, 


CHANNEL 
SIGNALS 


CLK/TRG2 
ZCITO2 


CLK/TRG3 


crc 
CONTROL 
FROM 
CPU 


DAISY 
CHAIN 


RESET 


1ORQ 
Ap 2z80 CTC 
Z80A CTC 


1El 


INTERRUPT 
CONTROL 


on 


CLK +5V GND 


Figure 1. Pin Functions 


Once started, the CTC counts down, reloads 
its time constant automatically, and resumes 
counting. Software timing loops are completely 
eliminated. Interrupt processing is simplified 
because only one vector need be specified; the 
CTC internally generates a unique vector for 
each channel. 

The Z-80 CTC requires a single +5 V power 
supply and the standard Z-80 single-phase 
system clock. It is fabricated with n-channel 
silicon-gate depletion-load technology, and 
packaged in a 28-pin plastic or ceramic DIP. 


D3 

Da 

Dy 

Do 

+5V 

CLK/TRGo 

CLK/TRG, 

CLK/TRG2 
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Figure 2. Pin Assignments 
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Functional 
Description 


Architecture 


The Z-80 CTC has four independent counter/ 
timer channels. Each channel is individually 
programmed with two words: a control word 
and a time-constant word. The control word 
selects the operating mode (counter or timer), 
enables or disables the channel interrupt, and 
selects certain other operating parameters. If 
the timing mode is selected, the control word 
also sets a prescaler, which divides the system 
clock by either 16 or 256. The time-constant 
word 1s a value from 1 to 256. 

During operation, the individual counter 
channel counts down from the preset time con- 
stant value. In counter mode operation the 
counter decrements on each of the CLK/TRG 
input pulses until zero count 1s reached. Each 
decrement 1s synchronized by the system 
clock. For counts greater than 256, more than 
one counter can be cascaded. At zero count, 
the down-counter 1s automatically reset with 
the time constant value. 

The timer mode determines time intervals as 
small as 4 ws (Z-80A) or 6.4 pws (Z-80) without 
additional logic or software timing loops. Time 
intervals are generated by dividing the system 
clock with a prescaler that decrements 


The CTC has four major elements, as shown 
in Figure 3. 


m@ CPU bus I/O 

@ Channel control logic 
@ Interrupt logic 

@ Counter/timer circuits 


CPU Bus I/O. The CPU bus J/O circuit 
decodes the address inputs, and interfaces the 
CPU data and control signals to the CTC tor 
distribution on the internal bus. 


INTERNAL BUS 


a preset down-counter. 

Thus, the time interval is an integral mul- 
tiple of the clock period, the prescaler value 
(16 or 256) and the time constant that is preset 
in the down-counter. A timer is triggered auto- 
matically when its time constant value is pro- 
grammed, or by an external CLK/TRG input. 

Three channels have two outputs that occur 
at zero count. The first output is a zero- 
count/timeout pulse at the ZC/TO output. The 
fourth channel (Channel 3) does not have a 
ZC/TO output; interrupt request is the only 
output available from Channel 3. 

The second output is Interrupt Request 
(INT), which occurs if the channel has its 
interrupt enabled during programming. When 
the Z-80 CPU acknowledges Interrupt Request, 
the Z-80 CTC places an interrupt vector on the 
data bus. 

The four channels of the Z-80 CTC are fully 
prioritized and fit into four contiguous slots in 
a standard Z-80 daisy-chain interrupt struc- 
ture. Channel 0 is the highest priority and 
Channel 3 the lowest. Interrupts can be 
individually enabled (or disabled) for each of 
the four channels. 


Internal Control Logic. The CTC internal 
control logic controls overall chip operating 
functions such as the chip enable, reset, and 
read/write logic. 


Interrupt Logic. The interrupt control logic 
ensures that the CTC interrupts interface prop- 
erly with the Z-80 CPU interrupt system. The 
logic controls the interrupt priority of the CTC 
as a function of the IEI signal. If IEI is High, 
the CTC has priority. During interrupt 


INTERNAL 
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LOGIC 


INTERRUPT 
LOGIC 


Z2C/TO 
COUNTER/ 
TIMER 


LOGIC 


4 CLK/TRG 


Figure 3. Functional Block Diagram 
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Architecture 
(Continued) 


processing, the interrupt logic holds IEO Low, 
which inhibits the interrupt operation on lower 
priority devices. If the IE] input goes Low, 
priority is relinquished and the interrupt logic 
drives IEO Low. 

If a channel is programmed to request an 
interrupt, the interrupt logic drives IEO Low at 
the zero count, and generates an INT signal to 
the Z-80 CPU. When the Z-80 CPU responds 
with interrupt acknowledge (M1 and IORQ), 
then the interrupt logic arbitrates the CTC 
internal priorities, and the interrupt control 
logic places a unique interrupt vector on the 
data bus. 

If an interrupt is pending, the interrupt logic 
holds IEO Low. When the Z-80 CPU issues a 
Return From Interrupt (RETI) instruction, each 
peripheral device decodes the first byte 
(EDj¢6). If the device has a pending interrupt, 
it raises IEO (High) for one M1 cycle. This 
ensures that all lower priority devices can 
decode the entire RETI instruction and reset 


properly. 
CHANNEL 
LOGIC 


TIME 
CONSTANT 
REGISTER 


INTERNAL BUS 


ZciTO 
CLK/ITRG ————————_-———_ > 


CLOCK PRESCALER 


Figure 4. Counter/Timer Block Diagram 


Counter/Timer Circuits. The CTC has four 
independent counter/timer circuits, each con- 
taining the logic shown in Figure 4. 


Channel Control Logic. The channel control 
logic receives the 8-bit channel control word 
when the counter/timer channel is pro- 

grammed. The channel control logic decodes 


the control word and sets the following 
operating conditions: 


m@ Interrupt enable (or disable) 

@ Operating mode (timer or counter) 

@ Timer mode prescaler factor (16 or 256) 

m Active slope for CLK/TRG input 

@ Timer mode trigger (automatic or CLK/TRG 
input) 

™ Time constant data word to follow 

@ Software reset 


Time Constant Register. When the counter/ 
timer channel is programmed, the time con- 
stant register receives and stores an 8-bit time 
constant value, which can be anywhere from 1 
to 256 (0 = 256). This constant is automatic- 
ally loaded into the down-counter when the 
counter/timer channel is initialized, and subse- 
quently after each zero count. 


Prescaler. The prescaler, which is used only 
in timer mode, divides the system clock fre- 
guency by a factor of either 16 or 256. The 
prescaler output clocks the down-counter dur- 
ing timer operation. The effect of the prescaler 
on the down-counter is a multiplication of the 
system clock period by 16 or 256. The pre- 
scaler factor is programmed by bit 5 of the 
channel control word. 


Down-Counter. Prior to each count cycle, the 
down-counter is loaded with the time constant 
register contents. The counter is then 
decremented one of two ways, depending on 
operating mode: 


m@ By the prescaler output (timer mode) 
m By the trigger pulses into the CLK/TRG 
input (counter mode) 


Without disturbing the down-count, the Z-80 
CPU can read the count remaining at any time 
by performing an I/O read operation at the 
port address assigned to the CTC channel. 
When the down-counter reaches the zero 
count, the ZC/TO output generates a positive- 
going pulse. When the interrupt is enabled, 
zero count also triggers an interrupt request 
signal (INT) from the interrupt logic. 
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Programming 
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Each Z-80 CTC channel must be pro- 
grammed prior to operation. Programming 
consists of writing two words to the I/O port 
that corresponds to the desired channel. The 
first word is a control word that selects the 
operating mode and other parameters; the 
second word is a time constant, which is a 
binary data word with a value from 1 to 256. A 
time constant word must be preceded by a 
channel control word. 

After initialization, channels may be 
reprogrammed at any time. If updated control 
and time constant words are written to a chan- 
nel during the count operation, the count con- 
tinues to zero before the new time constant is 
loaded into the counter. 

If the interrupt on any Z-80 CTC channel is 
enabled, the programming procedure should 
also include an interrupt vector. Only one vec- 
tor is required for all four channels, because 
the interrupt logic automatically modifies the 
vector for the channel requesting service. 

A control word is identified by a 1 in bit 0. 
A 1 in bit 2 indicates a time constant word is to 
follow. Interrupt vectors are always addressed 
to Channel 0, and identified by a 0 in bit 0. 


Addressing. During programming, channels 
are addressed with the channel select pins CS) 
and CS. A 2-bit binary code selects the 
appropriate channel as shown in the following 
table. 


Channel CS) CSo 
0 0 0 
] 0 l 
2 l 0 
3 ] ] 


Reset. The CTC has both hardware and soft- 
ware resets. The hardware reset terminates all 
down-counts and disables all CTC interrupts 
by resetting the interrupt bits in the control 
registers. In addition, the ZC/TO and Interrupt 
outputs go inactive, IEO reflects IEI, and 


Do-D7 go to the high-impedance state. All 
channels must be completely reprogrammed 
after a hardware reset. 

The software reset is controlled by bit 1 in 
the channel control word. When a channel 
receives a software reset, it stops counting. 
When a software reset is used, the other bits in 
the control word also change the contents of 
the channel control register. After a software 
reset a new time constant word must be written 
to the same channel. 

If the channel control word has both bits D 
and Dp set to 1, the addressed channel stops 
operating, pending a new time constant word. 
The channel is ready to resume after the new 
constant is programmed. In timer mode, if 
D3 = 0, operation is triggered automatically 
when the time constant word is loaded. 


Channel Control Word Programming. The 
channel control word is shown in Figure 5. It 
sets the modes and parameters described 
below. 


Interrupt Enable. D7 enables the interrupt, so 
that an interrupt output (INT) is generated at 
zero count. Interrupts may be programmed in 
either mode and may be enabled or disabled 
at any time. 


Operating Mode. Dg selects either timer or 
counter mode. 


Prescaler Factor. (Timer Mode Only). Ds 
selects factor—either 16 or 256. 


Trigger Slope. D4 selects the active edge or 
slope of the CLK/TRG input pulses. Note that 
reprogramming the CLK/TRG slope during 
operation is equivalent to issuing an active 
edge. If the trigger slope is changed by a con- 
trol word update while a channel is pending 
operation in timer mode, the result is the same 
as a CLK/TRG pulse and the timer starts. 
Similarly, if the channel is in counter mode, 
the counter decrements. 


[Py [De] Ds [Ds | Da [D2 | Ds [Do | 


INTERRUPT J 
1 ENABLES INTERRUPT 
0 DISABLES INTERRUPT 


MODE 
0 SELECTS TIMER MODE 
1 SELECTS COUNTER MODE 


PRESCALER VALUE* 
1 = VALUE OF 256 
0 = VALUE OF 16 


CLK/ITRG EDGE SELECTION 
0 SELECTS FALLING EDGE 
1 SELECTS RISING EDGE 


L CONTROL OR VECTOR 
0 = VECTOR 
1 = CONTROL WORD 
RESET 


0 = CONTINUED OPERATION 
1 = SOFTWARE RESET 


TIME CONSTANT 
0 = NO TIME CONSTANT FOLLOWS 
1 = TIME CONSTANT FOLLOWS 


TIMER TRIGGER* 

0 = AUTOMATIC TRIGGER WHEN 
TIME CONSTANT IS LOADED 

1 = CLK/TRG PULSE STARTS TIMER 


*TIMER MODE ONLY 


Figure §. Channel Control Word 
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Programming Trigger Mode (Timer Mode Only). D3 selects 


(Continued) 


2041-0160, 0161 


the trigger mode for timer operation. When D3 
is reset to 0, the timer 1s triggered automatic- 
ally. The time constant word 1s programmed 
during an I/O write operation, which takes one 
machine cycle. At the end of the write opera- 
tion there is a setup delay of one clock period. 
The timer starts automatically (decrements) on 
the rising edge of the second clock pulse (T2) 
of the machine cycle following the write opera- 
tion. Once started, the timer runs contin- 
uously. At zero count the timer reloads 
automatically and continues counting without 
interruption or delay, until stopped by a reset. 

When D3 1s set to 1, the timer 1s triggered 
externally through the CLK/TRG input. The 
time constant word 1s programmed during an 
I/O write operation, which takes one machine 
cycle. The timer 1s ready for operation on the 
rising edge of the second clock pulse (T2) of 
the following machine cycle. Note that the first 
timer decrement follows the active edge of the 
CLK/TRG pulse by a delay time of one clock 
cycle if a minimum setup time to the rising 
edge of clock 1s met. If this minimum 1s not 
met, the delay 1s extended by another clock 
period. Consequently, for immediate trigger- 
ing, the CLK/TRG input must precede T2 by 
one clock cycle plus its minimum setup time. If 
the minimum time is not met, the timer will 
start on the third clock cycle (T3). 

Once started the timer operates contin- 
uously, without interruption or delay, until 
stopped by a reset. 


Time Constant to Follow. A 1 in D2 indicates 
that the next word addressed to the selected 
channel is a time constant data word for the 
time constant register. The time constant word 
may be written at any time. 

A 0 1n D2 indicates no time constant word 1s 
to follow. This 1s ordinarily used when the 
channel 1s already in operation and the new 
channel control word 1s an update. A channel 
will not operate without a time constant value. 
The only way to write a time constant value 1s 
to write a control word with Dp set. 


[Pr | De] Ds [Ds | Ds | Ds | Ds | Do) 


Figure 6. Time Constant Word 


Software Reset. Setting D; to 1 causes a solft- 
ware reset, which 1s described in the Reset 
section. 


Control Word. Setting Do to 1 identifies the 
word as a control word. 


Time Constant Programming. Before a chan- 
nel can start counting 1t must receive a time 
constant word from the CPU. During program- 
ming or reprogramming, a channel contro! 
word in which bit 2 1s set must precede the 
time constant word to indicate that the next 
word 1s a time constant. The time constant 
word can be any value from | to 256 (Figure 
6). Note that 0016 1s interpreted as 256. 

In timer mode, the time interval 1s controlled 
by three factors: 


m The system clock period (¢) 


@ The prescaler factor (P), which multiplies 
the interval by either 16 r 256 


m The time constant (T), which 1s programmed 
into the time constant register 


Consequently, the time interval is the pro- 
duct of 6x Px T. The minimum timer resolu- 
tion is 16x @ (4 ws with a 4 MHz clock). The 
maximum timer interval is 256 x @ x 256 (16.4 ms 
with a 4 MHz clock). For longer intervals 
timers may be cascaded. 


Interrupt Vector Programming. If the Z-80 
CTC has one or more interrupts enabled, it 
can supply interrupt vectors to the Z-80 CPU. 
To do so, the Z-80 CTC must be pre-pro- 
grammed with the most-significant five bits of 
the interrupt vector. Programming consists of 
writing a vector word to the I/O port cor- 
responding to the Z-80 CTC Channel 0. Note 
that Do of the vector word is always zero, to 
distinguish the vector from a channel control 
word. D; and D2 are not used 1n programming 
the vector word. These bits are supplied by 
the interrupt logic to identify the channel 
requesting interrupt service with a unique 
interrupt vector (Figure 7). Channel 0 has the 
highest priority. 


[Dr [Ds] Ds [Ds | Da [De | Ds [Do | 
7 i L 0 = INTERRUPT VECTOR WORD 


V7-V3 = 

SUPPLIED 1 = CONTROL WORD 

BY USER 
CHANNEL IDENTIFIER 
(AUTOMATICALLY INSERTED 
BY CTC) 
0 O = CHANNEL 0 
0 1 = CHANNEL 1 
1 0 = CHANNEL 2 
1 1 = CHANNEL 3 


Figure 7. Interrupt Vector Word 


85 


ILI 08Z 


Pin 
Description 


SSS Re ET RIDIN OE RP TR IAF ESE OS EPS SPS AAS SI SSS AE 2 RPT STE EES ET EEE EE DIETER TE ISTE SS ETE 


86 


CE. Chip Enable (input, active Low). When 
enabled the CTC accepts control words, inter- 
rupt vectors, or time constant data words from 
the data bus during an I/O write cycle; or 
transmits the contents of the down-counter to 
the CPU during an I/O read cycle. In most 
applications this signal is decoded from the 
eight least significant bits of the address bus 
for any of the four I/O port addresses that are 
mapped to the four counter-timer channels. 


CLK. System Clock (input). Standard single- 
phase Z-80 system clock. 


CLK/TRGp-CLK/TRG3. External Clock/Timer 
Trigger (input, user-selectable active High or 
Low). Four pins corresponding to the four Z-80 
CTC channels. In counter mode, every active 


edge on this pin decrements the down-counter. 


In timer mode, an active edge starts the timer. 


CSp-CS). Channel Select (inputs active High). 
Two-bit binary address code selects one of the 
four CTC channels for an I/O write or read 
(usually connected to Ag and A)). 


Do-D7. System Data Bus (bidirectional, 
3-state). Transfers all data and commands 


between the Z-80 CPU and the Z-80 CTC. 


SYSTEM 
BUSES 


ZC/ITO, 
cTc 


ZCITO2 ‘INT 
1EO 


Figure 8. A Typical Z-80 Environment 


IEI. /nterrupt Enable In (input, active High). 
A High indicates that no other interrupting 
devices of higher priority in the daisy chain 
are being serviced by the Z-80 CPU. 


IEO. /nterrupt Enable Out (output, active 
High). High only if IEI is High and the Z-80 
CPU is not servicing an interrupt from any 
Z-80 CTC channel. IEO blocks lower priority 
devices from interrupting while a higher 
priority interrupting device is being serviced. 


INT. Jnterrupt Request (output, open drain, 
active Low). Low when any Z-80 CTC channel 
that has been programmed to enable interrupts 
has a zero-count condition 1n its down-counter. 


IORQ. /nput/Output Request (input from CPU, 
active Low). Used with CE and RD to transfer 
data and channel control words between the 
Z-80 CPU and the Z-80 CTC. During a write 
cycle, IORO and CE are active and RD 
inactive. The Z-80 CTC does not receive a 
specific write signal; rather, it internally 
generates its own from the inverse of an active 
RD signal. In a read cycle, IORQ, CE and RD 
are active; the contents of the down-counter 
are read by the Z-80 CPU. If IOROQ and M1 are 
both true, the CPU is acknowledging an inter- 
rupt request, and the highest priority inter- 
rupting channel places its interrupt vector on 


the Z-80 data bus. 


Ml. Machine Cycle One (input from CPU, 
active Low). When M1 and IORQ are active, 
the Z-80 CPU is acknowledging an interrupt. 
The Z-80 CTC then places an interrupt vector 
on the data bus if it has highest priority, and if 
a channel has requested an interrupt (INT). 


RD. Read Cycle Status (input, active Low). 
Used in conjunction with IORO and CE to 
transfer data and channel control words 


between the Z-80 CPU and the Z-80 CTC. 


RESET. eset (input active Low). Terminates 
all down-counts and disables all interrupts by 
resetting the interrupt bits in all control 
registers; the ZC/TO and the Interrupt outputs 
go inactive; IEO reflects IEI; Do-D7 go to the 
high-impedance state. 


ZC/TOp9-ZC/TO2. Zero Count/Timeout (output, 
active High). Three ZC/TO pins corresponding 
to Z-80 CTC channels 2 through 0 (Channel 3 
has no ZC/TO pin). In both counter and timer 
modes the output 1s an active High pulse when 
the down-counter decrements to zero. 


2041-0156 


Timing 


Read Cycle Timing. Figure 9 shows read 


cycle timing. This cycle reads the contents of a 


down-counter without disturbing the count. 


During clock cycle Tz, the Z-80 CPU initiates a 


read cycle by driving the following inputs 
Low: RD, IORQ, and CE. A 2-bit binary code 
at inputs CS; and CSo selects the channel to 
be read. M1 must be High to distinguish this 
cycle from an interrupt acknowledge. No addi- 
tional wait states are allowed. 


a Ca 


DATA OUT 


Figure 9. Read Cycle Timing 


Write Cycle Timing. Figure 10 shows write 
cycle timing for loading control, time constant 
or vector words. 

The CTC does not have a write signal input, 
so it generates one internally when the read 
(RD) input is High during T;. During T2 
IOROQ and CE inputs are Low. M1 must be 
High to distinguish a write cycle from an inter- 
rupt acknowledge. A 2-bit binary code at 
inputs CS; and CSo selects the channel to be 
addressed, and the word being written is 
placed on the Z-80 data bus. The data word is 


ee 


Figure 10. Write Cycle Timing 


latched into the appropriate register with the 
rising edge of clock cycle T3. 


CLKITRG 


INTERNAL 
TIMER 


START TIMING 


Figure 11. Timer Mode Timing 


Timer Operation. In the timer mode, a 
CLK/TRG pulse input starts the timer (Figure 
11) on the second succeeding rising edge of 
CLK. The trigger pulse 1s asynchronous, and it 
must have a minimum width. A minimum lead 
time (210 ns) is required between the active 
edge of the CLK/TRG and the next rising edge 
of CLK to enable the prescaler on the follow- 
ing clock edge. If the CLK/TRG edge occurs 
closer than this, the initiation of the timer 
function 1s delayed one clock cycle. This cor- 
responds to the startup timing discussed 1n the 
programming section. The timer can also be 
started automatically if so programmed by the 
channel control word. 
7 
CLK/TRG — 
= 


INTERNAL 
COUNTER 


zCciToO 


Figure 12. Counter Mode Timing 


Counter Operation. In the counter mode, the 
CLK/TRG pulse input decrements the down- 
counter. The trigger is asynchronous, but the 
count is synchronized with CLK. For the 
decrement to occur on the next rising edge of 
CLK, the trigger edge must precede CLK by a 
minimum lead time as shown in Figure 12. If 
the lead time is less than specified, the count 
is delayed by one clock cycle. The trigger 
pulse must have a minimum width, and the 
trigger period must be at least twice the clock 
period. 

The ZC/TO output occurs immediately after 
zero count, and follows the rising CLK edge. 


2041-0162, 0163, 0164, 0165 
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Interrupt 
Operation 


+5V 


HIGHEST PRIORITY 


The Z-80 CTC follows the Z-80 system inter- 
rupt protocol for nested priority interrupts and 
return from interrupt, wherein the interrupt 
priority of a peripheral is determined by its 
location in a daisy chain. Two lines—IEI and 
IKO—1in the CTC connect it to the system daisy 
chain. The device closest to the +5 V supply 
has the highest priority (Figure 13). For addi- 
tional information on the Z-80 interrupt struc- 
ture, refer to the Z-80 CPU Product Specitica- 
tion and the Z-80 CPU Technical Manual. 


LOWEST PRIORITY 
DEVICE 


DEVICE 2 DEVICE 3 


Figure 13. Daisy-Chain Interrupt Priorities 


DEVICE 


DEVICE 0 DEVICE 1 


Within the Z-80 CTC, interrupt priority 1s 
predetermined by channel number: Channel 0 
has the highest priority, and Channel 3 the 
lowest. If a device or channel is being serviced 
with an interrupt routine, 1{ cannot be inter- 
rupted by a device or channel with lower 
priority until service is complete. Higher 
priority devices or channels may interrupt the 
servicing of lower priority devices or channels. 

A Z-80 CTC channel may be programmed to 
request an interrupt every time its down- 
counter reaches zero. Note that the CPU must 
be programmed for interrupt mode 2. Some 
time after the interrupt request, the CPU sends 
an interrupt acknowledge. The CTC interrupt 
control logic determines the highest priority 
channel that 1s requesting an interrupt. Then, 
if the CTC IEI input is High (indicating that 1t 
has priority within the system daisy chain) it 
places an 8-bit interrupt vector on the system 
data bus. The high-order five bits of this vector 


Figure 14. Interrupt Acknowledge Timing 


ming process; the next two bits are provided 
by the CTC interrupt control logic as a binary 
code that identifies the highest priority chan- 
nel requesting an interrupt; the low-order bit 
is always zero. 


Interrupt Acknowledge Timing. Figure 14 
shows interrupt acknowledge timing. After an 
interrupt request, the Z-80 CPU sends an inter- 
rupt acknowledge (M1 and IORQ). All chan- 
nels are inhibited from changing their inter- 
rupt request status when M1 is active—about 
two clock cycles earlier than IORQ. RD is 
High to distinguish this cycle from an instruc- 
tion fetch. 

The CTC interrupt logic determines the 
highest priority channel requesting an inter- 
rupt. If the CTC interrupt enable input (IEI) 1s 
High, the highest priority interrupting channel 
within the CTC places its interrupt vector on 
the data bus when IORQ goes Low. Two wait 
states (Twa) are automatically inserted at this 
time to allow the daisy chain to stabilize. Addi- 
tional wait states may be added. 


Return from Interrupt Timing. At the end of 
an interrupt service routine the RETI (Return 
From Interrupt) instruction initializes the daisy 
chain enable lines for proper control of nested 
priority interrupt handling. The CTC decodes 
the 2-byte RETI code internally and determines 
whether it is intended for a channel being ser- 
viced. Figure 15 shows RETI timing. 

If several Z-80 peripherals are in the daisy 
chain, IEI settles active (High) on the chip 
currently being serviced when the opcode 
ED 6 1s decoded. If the following opcode is 
AD, the peripheral being serviced 1s released 
and its IEO becomes active. Additional wait 
states are allowed. 


Figure 15. Return From Interrupt Timing 
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Absolute Voltages on all inputs and outputs Stresses greater than those listed under Absolute Maxi- 
Maximum with respect toGND.......... -0.3Vto +7.0V mum Ratings may cause permanent damage to the device. 
Rati i This 1s a stress rating only; operation of the device at any 
atings Operating Ambient As Specified in condition above those indicated in the operational sections 
Temperature ........... Ordering Information of these specifications 1s not implied. Exposure to absolute 
J 2 maximum rating conditions for extended periods may affect 
Storage Temperature........ -~65°C to +150°C device rehabshty. 
Test The characteristics below apply for the *See Ordering Information section for package 
Conditions following test conditions, unless otherwise temperature range and product number 
noted. All voltages are referenced to GND 
(0 V). Positive current flows into the refer- +5V 
enced pin. Available operating temperature Bak 
ranges are: FROM OUTPUT 
UNDER TEST 
m@ S* = 00°C to + 70°C; 
+ 4.75 V <= Voc < +5.25 V 400 pF on 
m E* = -—40°C to +85°C, | 
+4.75V <= Veco S +5.25 V = oF = 
m M* = —55°C to +125°C, 
+4.5V<s Voc S +5.5 V 
DC Symbol Parameter Min Max Unit Test Condition 
Character- 
istics Vite Clock Input Low Voltage -0.3 +045 V 
Vic Clock Input High Voltage Vec--6 Vec+.3 V 
Vin Input Low Voltage -0.3 +0.8 V 
Vin Input High Voltage +2.0 Voc V 
VoL Output Low Voltage +0.4 V Iop = 2mA 
Vou Output High Voltage +2.4 V Ioy = 250 pA 
loc Power Supply Current +120 mA 
Thy Input Leakage Current +10 pA Vin = 0 to Vee 
lou 3-State Output Leakage Current 1n Float +10 pA Vout = 2.4 to Vcc 
Lou 3-State Output Leakage Current in Float -10 pA Vout = 0.4 V 
loxp Darlington Drive Current -1.5 mA Vou = 1.5 V 
Rext = 3900 
Capacitance Symbol Parameter Max Unit Condition 
CLE Clock Capacitance 20 pF Unmeasured pins 
Cry Input Capacitance 5 pF returned to ground 
Cour Output Capacitance 10 pF 
Te 425°C. 2 =~], MHz 
8085-0239 
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AC 
Character- 
istics 
CLOCK 


CSo, CS; 


READ 1ORQ 


DATA 


CSo, CS1 


WRITE 


DATA 


INTERRUPT — 
ACKNOWLEDGE 1ORQ 


DATA 


IEO 
INT 
CLK/TRGo-3 
(COUNTER 
MODE) 


CLK/ITRGo-3 
(TIMER 


ZCITOo-2 
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Number Symbol Parameter 


] TcC Clock Cycle Time 

2 TwCH Clock Width (High) 

3 TwCl Clock Width (Low) 

4 TiC Clock Fall Time 

== Tre Clock Rise Time 

6 Th All Hold Times 

7 TsCS(C) CS to Clock t Setup Time 

8 TsCE(C) CE to Clock t Setup Time 

9  TsIO(C) TORQ | to Clock t Setup Time 


10 — TsRD(C) ——— RD } to Clock t Setup Time 


11 TdC(DO) Clock 1 to Data Out Delay 

12 TdC(DOz) Clock | to Data Out Float Delay 
i3 TsDI(C) Data In to Clock t Setup Time 
14 TsM1(C) MI to Clock t Setup Time 


15 — TdM1(IEO) —— M1 |} to IEO } Delay (Interrupt 
immediately preceding M1) 


IORQ 3 to Data Out Delay 
(INTA Cycle) 


IEI | to IEO } Delay 


IEI t to IEO t Delay 
(After ED Decode) 


19 TdC(INT) Clock t to INT | Delay 


20 — TdCLK(INT)—— CLK/TRG t to INT! 
tsCTR(C) satisfied 


16 TdIO(DOI) 


17 TdIEI(IEOf) 
18 TdIEI(IEOr) 


tsCTR(C) not satisfied 
21 TcCTR CLK/TRG Cycle Time 
22 TrCTR CLK/TRG Rise Time 
23 Tf£CTR CLK/TRG Fall Time 
24 TwCTRIl CLK/TRG Width (Low) 
25 — TwCTRh CLK/TRG Width (High) 


26 TsCTR(Cs) CLK/TRG t to Clock t Setup 


Time for Immediate Count 


CLK/TRG ft to Clock t Setup 
Time for enabling of Prescaler 
on following clockt 


Clock t to ZC/TO t Delay 
Clock } to ZC/TO | Delay 


27 TsCTR(Ct) 


28. 3 TdC(ZC/TOr) 
29 = TdC(ZC/TOf) 


[A] 2.5 TcC > (n-2) TdIEI(IEOf) + TdMI(IEO) + TsIEI(IO) 
+ TTL buffer delay, if any 
{[B] RESET must be active for a minimum of 3 clock cycles 


NOTES: 
[1] TcC = TwCh + TwCl + TrC + TfC 
[2] Increase delay by 10 ns for each 50 pF increase in loading, 
200 pF maximum for data lines, and 100 pF for control lines 


A 200 


Z-80 CTC 
Min Max 
(ns) (ns) 
400 [1] 
170 2000 
170 2000 

30 
30 
0 
250 
200 
200 
240 
240 
230 
60 
210 
300 
340 
190 
220 
(TcC + 200) 
(ToC + 230) 
(2TcC + 530) 
(2TcC) 
50 
50 
200 
300 
210 
260 
190 


Z-80A CTC Z-80B CTC 
Min Max Min Max 
(ns) (ns) (ns) (ns) Notes* 
250 [1] 165 [1] 
105 2000 65 2000 
105 2000 65 2000 
30 20 
30 ————. 20 
0 0 
160 100 
150 100 
115 70 
115 70 
200 130 [2] 
110 90 
50 40 
90 70 
190 130 [3] 
160 110 [2] 
130 100 [3] 
160 110 [3] 
(ToC + 140) TcC + 120 [4] 
(ToC + 160) TcC + 130 [5] 
(2TcC +370) 2TcC+280 [5] 
(2TcC) 2TcC [5] 
50 40 
50 40 
200 120 
200 120 
210 150 [5] 
210 150 [4] 
190 140 
190 140 


[3] Increase delay by 2 ns for each 10 pF increase in loading, 
100 pF maximum. 

[4] Timer mode. 

[5] Counter mode. 

[6] RESET must be active for a minimum of 3 clock cycles. 

* All timings are preliminary and subject to change. 
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Product 
Number 


Z8430 
Z8430 
Z8430 
Z8430 
Z8430 
Z8430 
Z8430 
Z8430 
Z8430A 
Z8430A 


Package/ 
Temp 


CE 
CM 
CMB 
CS 
DE 
DS 
PE 
PS 
CE 
CM 


Speed 


2.5 MHz 
2.5 MHz 
2.5 MHz 
2.5 MHz 
2.5 MHz 
2.5 MHz 
2.5 MHz 
2.5 MHz 
4.0 MHz 
4.0 MHz 


Description 


Z80 CTC (28-pin) 


Same as above 
Same as above 
Same as above 
Same as above 
Same as above 
Same as above 


Same as above 


Z80A CTC (28-pin) 


Same as above 


Product 
Number 


Z8430A 
Z8530A 
Z8430A 
Z8430A 
Z8430A 
Z8430A 
Z8430B 
Z8430B 
Z8430B 


Package/ 

Temp 

CMB 
CS 
DE 
DS 
PE 
PS 
Gs 
DS 
PS 


Speed 


4.0 MHz 
4.0 MHz 
4.0 MHz 
4.0 MHz 
4.0 MHz 
4.0 MHz 
6.0 MHz 
6.0 MHz 
6.0 MHz 


Description 


Z80A CTC (28-pin) 


Same as above 
Same as above 
Same as above 
Same as above 
Same as above 
Same as above 
Same as above 


Same as above 


*NOTES: C = Ceramic, D = Cerdip, P = Plastic; E = -40°C to + 85°C, M = -55°C to +125°C, MB = -55°C to +125°C with 


MIL-STD-883 Class B processing, S = 0°C to + 70°C. 
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28440 
Z80° SIO Serial 
Input/Output Controller 


- Product 


Zilog Specification 


June 1982 
Features @ Two independent full-duplex channels, with @ Synchronous protocols: everything 

separate control and status lines for modems necessary for complete bit- or byte-oriented 
or other devices. messages in 5, 6, 7 or 8 bits/character, 

@ Data rates of 0 to 500K bits/second in including IBM Bisyne, SDLC, HDLC, 
the xl clock mode with a 2.5 MHz clock CCITT-X.25 and others. Automatic CRC 
(Z-80 SIO), or 0 to 800K bits/second with a generation/checking, sync character and 
4.0 MHz clock (Z-80A SIO). zero insertion/deletion, abort genera- 


tion/detection and flag insertion. 
m Asynchronous protocols: everything 


necessary for complete messages in 5, 6, 7 
or 8 bits/character. Includes variable stop 


m Receiver data registers quadruply buffered, 
transmitter registers doubly buffered. 


bits and several clock-rate multipliers; m Highly sophisticated and flexible daisy- 
break generation and detection; parity; chain interrupt vectoring for interrupts 
overrun and framing error detection. without external logic. 
General The Z-80 SIO Serial Input/Output Control- bit-oriented, and performs all of the functions 
Description ler is a dual-channel data communication traditionally done by UARTs, USARTs and 
interface with extraordinary versatility and synchronous communication controllers com- 
capability. Its basic functions as a serial-to- bined, plus additional functions traditionally 
parallel, parallel-to-serial converter/controller performed by the CPU. Moreover, it does this 
can be programmed by a CPU for a broad on two fully-independent channels, with an 
range of serial communication applications. exceptionally sophisticated interrupt structure 
The device supports all common asyn- that allows very fast transfers. 
chronous and synchronous protocols, byte- or Full interfacing 1s provided for CPU or DMA 


DATA do, 1 40 [] Do 
BUS Dz LJ 2 39 L] D2 
CHANNEL A ps C3 38 [] Dy 
p, [4 37 [] 0, 
INT LJ] 5 36 LJ IORG 
papi . 1e| C] 6 35] CE 
conmrne ico [} 7 34 L] BIA 
mi LI 8 33 L] cid 
+5V (]9 32] RD 
WIRDYA [—] 10 60 d1Gis 31 |} GND 
CONTROL SyNCA [J 11 30 L] WiRDYB 
FROM a 
cpu RxDA {| | 12 297 | RxDB 
RxcA [| 13 28 [_] RxcB 
TxcA [7] 14 27 [[] TxcB 
auaanal a TxDA [7] 15 26 [] TxoB 
DTRA [J 16 251] DTRB 
RTSA [ | 17 24, ] RTSB 
ht “ol a= Sd 
CONTROL CLK [] 20 21] RESET 
+5V GND CLK 
Figure 1. Z-80 SIO/2 Pin Functions Figure 2. Z-80 SIO/2 Pin Assignments 
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General 
Description 
(Continued) 


control. In addition to data communication, the 
circuit can handle virtually all types of serial 
I/O with fast (or slow) peripheral devices. 
While designed primarily as a member of the 
Z-80 family, its versatility makes it well suited 
to many other CPUs. 


The Z-80 SIO is an n-channel silicon-gate 
depletion-load device packaged in a 40-pin 
plastic or ceramic DIP. It uses a single +5 V 
power supply and the standard Z-80 family 
single-phase clock. 


Pin 
Description 


Figures 1 through 6 illustrate the three pin 
configurations (bonding options) available in 
the SIO. The constraints of a 40-pin package 
make it impossible to bring out the Receive 
Clock (RxC), Transmit Clock (TxC), Data Ter- 
minal Ready (DTR) and Sync (SYNC) signals 
for both channels. Therefore, either Channel B 
lacks a signal or two signals are bonded 
together in the three bonding options offered: 


m Z-80 SIO/2 lacks SYNCB 
m Z-80 SIO/1 lacks DTRB 


m Z-80 SIO/O has all four signals, but TxCB 
and RxCB are bonded together 


The first bonding option above (SIO/2) is the 
preferred version for most applications. The 
pin descriptions are as follows: 


B/A. Channel A Or B Select (input, High 
selects Channel B). This input defines which 
channel is accessed during a data transfer 
between the CPU and the SIO. Address bit Ag 
from the CPU is often used for the selection 
function. 


C/D. Control Or Data Select (input, High 
selects Control). This input defines the type of 
information transfer performed between the 
CPU and the SIO. A High at this input during 
a CPU write to the SIO causes the information 
on the data bus to be interpreted as a com- 
mand for the channel selected by B/A. A Low 
at C/D means that the information on the data 
bus is data. Address bit A) is often used for 
this function. 


MODEM 
CONTROL 


Z-80 SIO/1 


CONTROL 
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cpu 
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CONTROL 

INTERRUPT 
CONTROL 


+5V GND CLK 


Figure 3. Z-80 SIO/1 Pin Functions 


CHANNEL A 


CHANNEL B 


CE. Chip Enable (input, active Low). A Low 
level at this input enables the SIO to accept 
command or data input from the CPU during a 
write cycle or to transmit data to the CPU 
during a read cycle. 


CLK. System Clock (input). The SIO uses the 
standard Z-80 System Clock to synchronize 
internal signals. This is a single-phase clock. 


CTSA, CTSB. Clear To Send (inputs, active 
Low). When programmed as Auto Enables, a 
Low on these inputs enables the respective 
transmitter. If not programmed as Auto 
Enables, these inputs may be programmed as 
general-purpose inputs. Both inputs are 
Schmitt-trigger buffered to accommodate slow- 
risetime signals. The SIO detects pulses on 
these inputs and interrupts the CPU on both 
logic level transitions. The Schmitt-trigger buf- 
fering does not guarantee a specified noise- 
level margin. 


Do-Dy7. System Data Bus (bidirectional, 
3-state). The system data bus transfers data 
and commands between the CPU and the Z-80 
SIO. Do is the least significant bit. 


DCDA, DCDB. Data Carrier Detect (inputs, 
active Low). These pins function as receiver 
enables if the SIO is programmed for Auto 
Enables; otherwise they may be used as 
general-purpose input pins. Both pins are 
Schmitt-trigger buffered to accommodate slow- 
risetime signals. The SIO detects pulses on 
these pins and interrupts the CPU on both 
logic level transitions. Schmitt-trigger buffer- 
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Figure 4. Z-80 SIO/1 Pin Assignments 
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Pin 


ing does not guarantee a specific noise-level 


ously, the CPU is acknowledging an interrupt 


Description margin. and the SIO automatically places its interrupt 
(Continued) TRA. DTRB. Dato Terminal Ready (outputs, vector on the CPU data bus if it is the highest 
active Low). These outputs follow the state pro- Priority device requesting an interrupt. 
grammed into Z-80 SIO. They can also be pro- Ml. Machine Cycle (input from Z-80 CPU, 
grammed as general-purpose outputs. active Low). When M1 is active and RD is also 
In the Z-80 SIO/1 bonding option, DTRB is active, the Z-80 CPU is fetching an instruction 
omitted. from memory; when M1 is active while IORQ is 
IEI. Jnterrupt Enable In (input, active High). active, the SIO accepts M1 and IORQ oa 
This signal is used with IEO to form a prionty interrupt acknowledge if the SIO is the highest 
daisy chain when there is more than one priority device that has interrupted the Z-80 
interrupt-driven device. A High on this line CPU. 
indicates that no other device of higher pri- RxCA, RxCB. Receiver Clocks (inputs). 
ority is being serviced by a CPU interrupt ser- Receive data is sampled on the rising edge of 
vice routine. RxC. The Receive Clocks may be 1, 16, 32 or 
IEO. Interrupt Enable Out (output, active 64 times the data rate in asynchronous modes. 
High). IEO is High only if IEI is High and the These clocks may be driven by the 2-80 CTC 
CPU is not servicing an interrupt from this Counter Timer Circuit for programmable baud 
SIO. Thus, this signal blocks lower priority rate generation. Both inputs ca Schmitt 
devices from interrupting while a higher tr ete buffered (no noise level margin is 
riority device is being serviced by its CPU specified). eee 
ee eseeenes ee : In the Z-80 SIO/O bonding option, RxCB is 
iNT. Ini ie ‘ bonded together with TxCB. 
. /nterrupt hequest (output, open drain, anne 
active Low). When the SIO is requesting an RD. Read Cycle Status (input from CPU, 
interrupt, it pulls INT Low. active Low). If RD is active, a memory or I/O 
See read operation is in progress. RD is used with 
IORQ. Input/Output Request (input from CPU, —_B/A_ CE and IORQ to transfer data from the 
active Low). IOROQ is used in conjunction with 
Bs pal ll aes SIO to the CPU. 
B/A, C/D, CE and RD to transfer commands . 
and data between the CPU and the SIO. When RxDA, RxDB. Receive Data (inputs, active 
CE, RD and IOROQ are all active, the channel High). Serial data at TTL levels. 
selected by B/A transfers data to the CPU (a RESET. Reset (input, active Low). A Low 
read operation). When CE and IORQ are RESET disables both receivers and transmit- 
active but RD is inactive, the channel selected ters, forces TxDA and TxDB marking, forces 
by B/A is written to by the CPU with either the modem controls High and disables all 
data or control information as specified by interrupts. The control registers must be 
C/D. If IORQ and M1 are active simultane- 
Ris, do, 1 40 [] dp 
BUS D3 LJ} 2 39 |] Dz 
CHANNEL A Ds LJ 3 38 LF D, 
o, [] 4 37 [] b, 
INT LJ) 5 36 LJ iORO 
MODEM iel (} 6 35 [|] CE 
CONTROL 160 [} 7 34 [J BIA 
Mi Lj 8 33 [] cid 
+5V [1] 9 32 L} RD 
WIRDYA 0 31 |] GND 
CONTROL synca Ef 11 778° S19/° Fi aamnve 
nace RXxDA 29 [] SYNCB 
RxCA 28 | J] RxDB 
TxCA 27 [] AxTxCB 
TxDA f | 15 267 J Tx08 
CHANNEL B DTRA |_| 16 251 | OTRB 
RTSA [| 17 24 L} RTSB 
DAISY MODEM CTSA [|] 18 23 [|] CTsB 
INTERRUPT a a bem Ea) #1) SCPE 
CONTROL CLK [ J} 20 211 J RESET 
+5V i CLK 
Figure 5. Z-80 SIO/0 Pin Functions Figure 6. Z-80 SIO/0 Pin Assignments 
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Pin 
Description 
(Continued) 


CONTROL 6 


rewritten after the SIO is reset and before data 
is transmitted or received. 


RTSA,RTSB. Request To Send (outputs, 
active Low). When the RTS bit in Write 
Register 5 (Figure 14) is set, the RTS output 
goes Low. When the RTS bit is reset in the 
Asynchronous mode, the output goes High 
after the transmitter is empty. In Synchronous 
modes, the RTS pin strictly follows the state of 
the RTS bit. Both pins can be used as general- 
purpose outputs. 


SYNCA, SYNCB. Synchronization (inputs/out- 
puts, active Low). These pins can act either as 
inputs or outputs. In the asynchronous receive 
mode, they are inputs similar to CTS and 
DCD. In this mode, the transitions on these 
lines affect the state of the Sync/Hunt status 
bits in Read Register 0 (Figure 13), but have 
no other function. In the External Sync mode, 
these lines also act as inputs. When external 
synchronization 1s achieved, SYNC must be _ 
driven Low on the second rising edge of RxC 
after that rising edge of RxC on which the last 
bit of the sync character was received. In 
other words, after the sync pattern is detected, 
the external logic must wait for two full 
Receive Clock cycles to activate the SYNC 
input. Once SYNC is forced Low, it should be 
kept Low until the CPU informs the external 
synchronization detect logic that synchroniza- 
tion has been lost or a new message is about to 
start. Character assembly begins on the rising 
edge of RxC that immediately precedes the 
falling edge of SYNC in the External Sync 
mode. 


INTERNAL 
CONTROL 
LOGIC 


CPU 
BUS I/O INTERNAL BUS 


INTERRUPT 
CONTROL 
LOGIC 


INTERRUPT 
CONTROL ——> 
LINES 


CHANNEL B 
CONTROL 
AND 


CHANNEL A 
CONTROL 
AND 
STATUS 
REGISTERS 


STATUS 
REGISTERS 


In the internal synchronization mode 
(Monosync and Bisync), these pins act as out- 
puts that are active during the part of the 
receive clock (RxC) cycle in which sync 
characters are recognized. The sync condition 
is not latched, so these outputs are active each 
time a sync pattern is recognized, regardless 
of character boundaries. 

In the Z-80 SIO/2 bonding option, SYNCB 
is omitted. 


TxCA, TxCB. Transmitter Clocks (inputs). In 
asynchronous modes, the Transmitter Clocks 
may be 1, 16, 32 or 64 times the data rate; 
however, the clock multiplier for the transmit- 
ter and the receiver must be the same. The 
Transmit Clock inputs are Schmitt-trigger buf- 
fered for relaxed rise- and fall-time require- 
ments (no noise level margin is specified). 
Transmitter Clocks may be driven by the Z-80 
CTC Counter Timer Circuit for programmable 
baud rate generation. 

In the Z-80 SIO/0 bonding option, TxCB is 
bonded together with RxCB. 
TxDA, TxDB. Transmit Data (outputs, active 
High). Serial data at TTL levels. TxD changes 
from the falling edge of TxC. 


W/RDYA, W/RDYB. Wait/Ready A, Wait/ 
Ready B (outputs, open drain when pro- 
grammed for Wait function, driven High and 
Low when programmed for Ready function). 
These dual-purpose outputs may be pro- 
grammed as Ready lines for a DMA controller 
or as Wait lines that synchronize the CPU to 
the SIO data rate. The reset state is open 
drain. 


\ SERIAL DATA 


CHANNEL A 


} CHANNEL CLOCKS 
SYNC 
WAIT/READY 


CHANNEL A 
CONTROL 
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Figure 7. Block Diagram 
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The functional capabilities of the Z-80 SIO 
can be described from two different points of 
view: as a data communications device, it 
transmits and receives serial data in a wide 
variety of data-communication protocols; as a 
Z-80 family peripheral, it interacts with the 
Z-80 CPU and other peripheral circuits, shar- 
ing the data, address and control buses, as 
well as being a part of the Z-80 interrupt struc- 
ture. As a peripheral to other microprocessors, 


Functional 
Description 


MICROPROCESSOR 
INTERFACE 


INTERRUPT 
CONTROLLER 


MICROPROCESSOR 
INTERFACE <> 


the SIO offers valuable features such as non- 
vectored interrupts, polling and simple hand- 
shake~capability. 

Figure 8 illustrates the conventional devices 
that the SIO replaces. 

The first part of the following discussion 
covers SIO data-communication capabilities; 
the second part describes interactions between 


the CPU and the SIO. 


CHANNEL 
A 


SYNCHRONOUS 
COMMUNICATIONS 
CONTROLLER 


CHANNEL 
B 


SYNCHRONOUS 
COMMUNICATION 
CONTROLLER 


—“———__ CHANNEL 
A 


—<——__ CHANNEL 
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Figure 8. Conventional Devices Replaced by the Z-80 SIO 


Data 
Communi- 
cation 
Capabilities 


The SIO provides two independent full- 
duplex channels that can be programmed for 
use in any common asynchronous or synchro- 
nous data-communication protocol. Figure 9 
illustrates some of these protocols. The follow- 
ing 1s a short description of them. A more 
detailed explanation of these modes can be 
found in the Z-80 SIO Technical Manual. 


Asynchronous Modes. Transmission and 
reception can be done independently on each 
channel with five to eight bits per character, 
plus optional even or odd parity. The transmit- 
ters can supply one, one-and-a-half or two stop 
bits per character and can provide a break 
output at any time. The receiver break- 
detection logic interrupts the CPU both at the 
start and end of a received break. Reception is 
protected from spikes by a transient spike- 
rejection mechanism that checks the signal 
one-half a bit time after a Low level 1s detected 
on the receive data input (RxDA or RxDB in 
Figure 5). If the Low does not persist—as 1n 
the case of a transient—the character assembly 
process 1s not started. 

Framing errors and overrun errors are 
detected and butfered together with the partial 
character on which they occurred. Vectored 
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interrupts allow fast servicing of error cond- 
tions using dedicated routines. Furthermore, a 
built-in checking process avoids interpreting a 
framing error as a new start bit: a framing 
error results in the addition of one-half a bit 
time to the point at which the search for the 
next start bit 1s begun. 

The SIO does not require symmetric transmit 
and receive clock signals—a feature that 
allows it to be used with a Z-80 CTC or many 
other clock sources. The transmitter and 
receiver can handle data at a rate of 1, 1/16, 
1/32 or 1/64 of the clock rate supplied to the 
receive and transmit clock inputs. 

In asynchronous modes, the SYNC pin may 
be programmed as an input that can be used 
for functions such as monitoring a ring 
indicator. 


Synchronous Modes. The SIO supports both 
byte-oriented and bit-oriented synchronous 
communication. 

Synchronous byte-oriented protocols can be 
handled in several modes that allow character 
synchronization with an 8-bit sync character 
(Monosync), any 16-bit sync pattern (Bisync), 
or with an external sync signal. Leading sync 
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Data 
Communi- 
cation 
Capabilities 
(Continued) 


characters can be removed without interrupt- 
ing the CPU. 

Five-, six- or seven-bit sync characters are 
detected with 8- or 16-bit patterns in the SIO 
by overlapping the larger pattern across mullti- 
ple in-coming sync characters, as shown in 
Figure 10. 

CRC checking for synchronous byte- 
oriented modes 1s delayed by one character 
time so the CPU may disable CRC checking on 
specific characters. This permits implementa- 
tion of protocols such as IBM Bisync. 

Both CRC-16 (X16 + X15 + X2 + 1) and 
CCITT (X16 + X12 + X5 + 1) error checking 
polynomials are supported. In all non-SDLC 
modes, the CRC generator is initialized to 0's; 
in SDLC modes, it is initialized to 1’s. The SIO 
can be used for interfacing to peripherals such 
as hard-sectored floppy disk, but it cannot 
generate or check CRC for IBM-compatible 
soft-sectored disks. The SIO also provides a 
feature that automatically transmits CRC data 
when no other data is available for transmis- 
sion. This allows very high-speed transmissions 
under DMA control with no need for CPU 
intervention at the end of a message. When 
there 1s no data or CRC to send in syn- 
chronous modes, the transmitter inserts 8- or 
16-bit syne characters regardless of the pro- 
grammed character length. 

The SIO supports synchronous bit-oriented 
protocols such as SDLC and HDLC by per- 
forming automatic flag sending, zero insertion 
and CRC generation. A special command can 
be used to abort a frame in transmission. At 
the end of a message the SIO automatically 
transmits the CRC and trailing flag when the 
transmit buffer becomes empty. If a transmit 


PARITY 
START STOP 


DATA y 


MARKING LINE 


DATA g 


underrun occurs in the middle of a message, 
an external/status interrupt warns the CPU of 
this status change so that an abort may be 
issued. One to eight bits per character can be 
sent, which allows reception of a message with 
no prior information about the character struc- 
ture in the information field of a frame. 

The receiver automatically synchronizes on 
the leading flag of a frame in SDLC or HDLC, 
and provides a synchronization signal on the 
SYNC pin; an interrupt can also be pro- 
grammed. The receiver can be programmed to 
search for frames addressed by a single byte to 
only a specified user-selected address or to a 
global broadcast address. In this mode, frames 
that do not match either the user-selected or 
broadcast address are ignored. The number of 
address bytes can be extended under software 
control. For transmitting data, an interrupt on 
the first received character or on every 
character can be selected. The receiver 
automatically deletes all zeroes inserted by the 
transmitter during character assembly. It also 
calculates and automatically checks the CRC 
to validate frame transmission. At the end of 
transmission, the status of a received frame is 
available in the status registers. 

The SIO can be conveniently used under 
DMA control to provide high-speed reception 
or transmission. In reception, for example, the 
SIO can interrupt the CPU when the first 
character of a message 1s received. The CPU 
then enables the DMA to transfer the message 
to memory. The SIO then issues an end-of- 
frame interrupt and the CPU can check the 
status of the received message. Thus, the CPU 
is freed for other service while the message is 
being received. 
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Figure 9. Some Z-80 SIO Protocols 
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I/O Interface 
Capabilities 


The SIO offers the choice of polling, inter- 
rupt (vectored or non-vectored) and block- 
transfer modes to transfer data, status and con- 
trol information to and from the CPU. The 
block-transfer mode can also be implemented 


under DMA control. 


Polling. Two status registers are updated at 
appropriate times for each function being per- 
formed (for example, CRC error-status valid at 
the end of a message). When the CPU 1s 
operated in a polling fashion, one of the SIO’s 
two status registers 1s used to indicate whether 
the SIO has some data or needs some data. 
Depending on the contents of this register, the 
CPU will either write data, read data, or just 
go on. Two bits in the register indicate that a 
data transfer is needed. In addition, error and 
other conditions are indicated. The second 
status register (special receive conditions) does 
not have to be read in a polling sequence, 
until a character has been received. All inter- 
rupt modes are disabled when operating the 
device in a polled environment. 


Interrupts. The SIO has an elaborate interrupt 
scheme to provide fast interrupt service in 
real-time applications. A control register and a 
status register in Channel B contain the inter- 
rupt vector. When programmed to do so, the 
SIO can modify three bits of the interrupt vec- 
tor in the status register so that it points direct- 
ly to one of eight interrupt service routines in 
memory, thereby servicing conditions 1n both 
channels and eliminating most of the needs for 
a status-analysis routine. 

Transmit interrupts, receive interrupts and 
external/status interrupts are the main sources 
of interrupts. Each interrupt source is enabled 
under program control, with Channel A hav- 
ing a higher priority than Channel B, and with 
receive, transmit and external/status interrupts 
prioritized in that order within each channel. 
When the transmit interrupt is enabled, the 


CPU is interrupted by the transmit butter 
becoming empty. (This implies that the 
transmitter must have had a data character 
written into it so 1t can become empty.) The 
receiver can interrupt the CPU in one of two 
ways: 


@ Interrupt on first received character 
m@ Interrupt on all received characters 


Interrupt-on-first-received-character 1s 
typically used with the block-transfer mode. 
Interrupt-on-all-received-characters has the 
option of modifying the interrupt vector in the 
event of a parity error. Both of these interrupt 
modes will also interrupt under special receive 
conditions on a character or message basis 
(end-of-frame interrupt in SDLC, for example). 
This means that the special-receive condition 
can cause an interrupt only if the interrupt-on- 
first-received-character or interrupt-on-all- 
received-characters mode 1s selected. In 
interrupt-on-first-received-character, an inter- 
rupt can occur from special-receive conditions 
(except parity error) after the first-received- 
character interrupt (example: receive-overrun 
interrupt). 

The main function of the external/status 
interrupt is to monitor the signal transitions of 
the Clear To Send (CTS), Data Carrier Detect 
(DCD) and Synchronization (SYNC) pins 
(Figures 1 through 6). In addition, an exter- 
nal/status interrupt is also caused by a CRC- 
sending condition or by the detection of a 
break sequence (asynchronous mode) or abort 
sequence (SDLC mode) in the data stream. 
The interrupt caused by the break/abort 
sequence allows the SIO to interrupt when the 
break/abort sequence 1s detected or ter- 
minated. This feature facilitates the proper ter- 
mination of the current message, correct 
initialization of the next message, and the 
accurate timing of the break/abort condition in 
external logic. 
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I/O Interface 
Capabilities 
(Continued) 


In a Z-80 CPU environment (Figure 11), SIO 
interrupt vectoring 1s ‘“‘automatic”’: the SIO 
passes its internally-modifiable 8-bit interrupt 
vector to the CPU, which adds an additional 8 
bits from its interrupt-vector (I) register to form 
the memory address of the interrupt-routine 
table. This table contains the address of the 
beginning of the interrupt routine itself. The 
process entails an indirect transfer of CPU 
control to the interrupt routine, so that the 
next instruction executed after an interrupt 
acknowledge by the CPU 1s the first instruction 
of the interrupt routine itself. 


CPU/DMA Block Transfer. The SIO’s block- 
transfer mode accommodates both CPU block 
transfers and DMA controllers (Z-80 DMA or 
other designs). The block-transfer mode uses 
the Wait/Ready output signal, which 1s 
selected with three bits in an internal control 
register. The Wait/Ready output signal can be 
programmed as a WAIT line in the CPU block- 
transfer mode or as a READY line in the DMA 
block-transfer mode. 

To a DMA controller, the SIO READY output 
indicates that the SIO 1s ready to transfer data 
to or from memory. To the CPU, the WAIT out- 
put indicates that the SIO is not ready to 
transfer data, thereby requesting the CPU to 
extend the I/O cycle. 


SYSTEM 
BUSES 


Figure 11. Typical Z-80 Environment 


Internal 
Structure 


The internal structure of the device includes 
a Z-80 CPU interface, internal control and 
interrupt logic, and two full-duplex channels. 
Each channel contains its own set of control 
and status (write and read) registers, and con- 
trol and status logic that provides the interface 
to modems or other external devices. 

The registers for each channel are desig- 
nated as follows: 


WRO-WR7 — Write Registers 0 through 7 
RRO-RR2 — Read Registers 0 through 2 


The register group includes five 8-bit control 
registers, two sync-character registers and two 
status registers. The interrupt vector is written 
into an additional 8-bit register (Write Register 
2) in Channel B that may be read through 
another 8-bit register (Read Register 2) in 
Channel B. The bit assignment and functional 
grouping of each register is configured to 
simplify and organize the programming pro- 
cess. Table | lists the functions assigned to 
each read or write register. 


RRO 


RRl 
RR2 


WRO 


WR1 


WR2 
WR3 
WR4 


WR5 
WR6 
WR7 


Read Register Functions 
Transmit/Receive buffer status, interrupt 
status and external status 
Special Receive Condition status 


Modified interrupt vector (Channel B only) 


Write Register Functions 
Register pointers, CRC initialize, initializa- 
tion commands for the various modes, etc. 


Transmit/Receive interrupt and data transfer 
mode definition. 


Interrupt vector (Channel B only) 
Receive parameters and control 


Transmit/Receive miscellaneous parameters 
and modes 


Transmit parameters and controls 
Sync character or SDLC address field 
Sync character or SDLC flag 
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Internal The logic for both channels provides for- CPU to service an interrupt at the beginning of 
Structure mats, synchronization and validation for data a block of high-speed data. Incoming data is 
(Continued) transferred to and from the channel interface. routed through one of several paths (data or 
The modem control inputs, Clear To Send CRC) depending on the selected mode 
(CTS) and Data Carrier Detect (DCD), are and—in asynchronous modes—the character 
monitored by the external control and status length. 
logic under program control. All external The transmitter has an 8-bit transmit data 
control-and-status-logic signals are general- buffer register that is loaded from the internal 
purpose in nature and can be used for func- data bus, and a 20-bit transmit shift register 
tions other than modem control. that can be loaded from the sync-character 
buffers or from the transmit data register. 
rhe hae Ey tien ne jana eae ae Depending on the operational mode, outgoing 
a A ‘a _ nae a te ei ee data is routed through one of four main paths 
Breage othe EATEN Rr ey ne on ee before it 1s transmitted from the Transmit Data 
8-bit buffer registers in a FIFO arrangement, 
ws output (TxD). 
in addition to the 8-bit receive shift register. 
This scheme creates additional time for the 
CPU I/O 
TO CHANNEL B, 
EXTERNAL STATUS LOGIC, INTERNAL DATA BUS 
CONTROL LOGIC, ETC. 
DATA ERROR 
FIFO FIFO 
on DATA. 
TRANSMIT 
Bez RECEIVE RECEIVE SDLC MULTIPLEXER TxDA 
RxCA —} CLOCK ERROR DATA & 2-BIT DELAY 
LOGic HUNT MODE (BISYNC) LOGIC 
[ic Pee eae Sm, sen ean gee ~~ (5 BITS) 
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Figure 12. Transmit and Receive Data Path (Channel A) 
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Programming 
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The system program first issues a series of 
commands that initialize the basic mode of 
operation and then other commands that 
qualify conditions within the selected mode. 
For example, the asynchronous mode, 
character length, clock rate, number of stop 
bits, even or odd parity might be set first; then 
the interrupt mode; and finally, receiver or 
transmitter enable. 

Both channels contain registers that must be 
programmed via the system program prior to 
operation. The channel-select input (B/A) and 
the control/data input (C/D) are the command- 
structure addressing controls, and are normal- 
ly controlled by the CPU address bus. Figures 
15 and 16 illustrate the timing relationships for 
programming the write registers and transfer- 
ring data and status. 


Read Registers. The SIO contains three read 
registers for Channel B and two read registers 
for Channel A (RRO-RR2 in Figure 13) that can 
be read to obtain the status information; RR2 
contains the internally-modifiable interrupt 
vector and is only in the Channel B register 
set. The status information includes error con- 
ditions, interrupt vector and standard 
communications-interface signals. 

To read the contents of a selected read 
register other than RRO, the system program 
must first write the pointer byte to WRO in 
exactly the same way as a write register opera- 
tion. Then, by executing a read instruction, 
the contents of the addressed read register can 
be read by the CPU. 

The status bits of RRO and RR1 are carefully 
grouped to simplify status monitoring. For 
example, when the interrupt vector indicates 
that a Special Receive Condition interrupt has 
occurred, all the appropriate error bits can be 
read from a single register (RR1). 


Write Registers. The SIO contains eight write 
registers for Channel B and seven write 
registers for Channel A (WRO-WR7 in Figure 
14) that are programmed separately to con- 
figure the functional personality of the chan- 
nels; WR2 contains the interrupt vector for 
both channels and is only in the Channel B 
register set. With the exception of WRO, pro- 
gramming the write registers requires two 
bytes. The first byte is to WRO and contains 
three bits (Do-D2) that point to the selected 
register; the second byte is the actual control 
word that is written into the register to con- 
figure the SIO. 


WRO 1s a special case in that all of the basic 
commands can be written to it with a single 
byte. Reset (internal or external) initializes the 
pointer bits Dg-D2 to point to WRO. This 
implies that a channel reset must not be com- 
bined with the pointing to any register. 
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Rx CHARACTER AVAILABLE 
INT PENDING (CH A ONLY) 
Tx BUFFER EMPTY 


D 
SYNC/HUNT 
CTs ‘ 
Tx UNDERRUN/EOM 


BREAK/ABORT 


*Used With External/Status 
Interrupt Mode 


READ REGISTER It 


[7] De | Ds [Ds [Da | D2 |; [Do | 
boas ALL SENT 
{FIELD BITS =| FIELD BITS IN 
IN PREVIOUS SECOND PREVIOUS 
BYTE BYTE 

1 0 0 0 3 

0 1 0 0 4 

1 #1 =#«0 0 5 

0 0 1 0 6 

1 0 1 0 7 

o 1 1 0 8 

1 #1 1 1 8 

0 0 0 2 8 


PARITY ERROR 

Rx OVERRUN ERROR 
CRC/FRAMING ERROR 
END OF FRAME (SDLC) 


*Residue Data For Eight 
Rx Bits/Character Programmed 


tUsed With Special Receive Condition Mode 


READ REGISTER 2* 


2t 
V3t INTERRUPT 
VECTOR 


tVanable if ‘Status Affects 
Vector’ is Programmed 


(*CHANNEL B ONLY) 


Figure 13. Read Register. Bit Functions 


Programming  wriTE REGISTER 0 


(Continued) [eTe]e.]e.]5.].]e 
1 I | 
0 O O REGISTER 0 
0 O 1 REGISTER 1 
0 1 O REGISTER 2 
0 1 1 REGISTER 3 
1 0 O REGISTER 4 
1 0 1 REGISTER 5 
1 1 O REGISTER 6 
1 #1 +t REGISTER 7 
0 0 O NULL CODE 
0 0 1 SEND ABORT (SDLC) 
0 1 O RESET EXT/ISTATUS INTERRUPTS 
0 1 1 CHANNEL RESET 
1 0 O ENABLE INT ON NEXT Rx CHARACTER 
1 0 1 RESET Tx INT PENDING 
1 1 OQ ERROR RESET 
1 1 1 RETURN FROM INT (CH-A ONLY) 
NULL CODE 


RESET Rx CRC CHECKER 
RESET Tx CRC GENERATOR 
RESET Tx UNDERRUN/EOM LATCH 


~-@OO 
-“-oOo-0c 


WRITE REGISTER 1 


[Dr [Be [Ds | Ba [Da [De | Dy | Do 


EXT INT ENABLE 

Tx INT ENABLE 

STATUS AFFECTS VECTOR 
(CH B ONLY) 


Rx INT DISABLE 

Rx INT ON FIRST CHARACTER 

INT ON ALL Rx CHARACTERS (PARITY AFFECTS VECTOR) 
INT ON ALL Rx CHARACTERS (PARITY DOES NOT AFFECT 
VECTOR) 


WAIT/READY ON RIT *Or On 
WAIT/READY FUNCTION Special 
WAIT/READY ENABLE Condition 


eas 
fr 


WRITE REGISTER 2 (CHANNEL B ONLY) 


[Dr] De | Ds | Ds | 2 [D2 | Ds | Do, 


V3 INTERRUPT 
v4 VECTOR 


WRITE REGISTER 3 


i=) 
~ 


Rx ENABLE 

SYNC CHARACTER LOAD INHIBIT 
ADDRESS SEARCH MODE (SDLC) 
Rx CRC ENABLE 

ENTER HUNT PHASE 

AUTO ENABLES 


i 


Rx 5 BITS/CHARACTER 
Rx 7 BITSICHARACTER 
Rx 6 BITS/CHARACTER 
Rx 8 BITSICHARACTER 


"300 
=O-+-0 


* 


WRITE REGISTER 4 


[Dr [Ds [Ds [Bs | Bs [D2 | Dy | Da 


PARITY ENABLE 


PARITY EVEN/ODD 


: 


SYNC MODES ENABLE 

1 STOP BITICHARACTER 
1% STOP BITSICHARACTER 
2 STOP BITS/CHARACTER 


—~=300 
“-O+-90 


8 BIT SYNC CHARACTER 
16 BIT SYNC CHARACTER 
SDLC MODE (01111110 FLAG) 


0 
0 
1 
1 EXTERNAL SYNC MODE 


—“=O-0 


X1 CLOCK MODE 

X16 CLOCK MODE 
X32 CLOCK MODE 
X64 CLOCK MODE 


—=-00 
> a a) 


WRITE REGISTER 5 


[7] Be | Ds | Da] Ds | Da [Ds] Do | 


| Los, CRC ENABLE 
RTS 
SDLC/CRC-16 


Tx ENABLE 
SEND BREAK 


Tx 5 BITS (OR LESS)ICHARACTER 
Tx 7 BITSICHARACTER 
Tx 6 BITSICHARACTER 
Tx 8 BITSICHARACTER 


=a 3 OO 
-oOo-o 


DTR 


WRITE REGISTER 6 


[Dr | De [05 [D4 | Da [Ds | Oy [Do 


SYNC BIT 0 
SYNC BIT 1 
SYNC BIT 2 
SYNC BIT3 \, 
SYNC BIT 4 
SYNC BIT 5 
SYNC BIT 6 
SYNC BIT 7 


i 


*Also SDLC Address Field 


WRITE REGISTER 7 


oO 
“N 


SYNC BIT 8 
SYNC BIT 9 
SYNC BIT 10 


[ 


SYNC BIT 11 \, 


SYNC BIT 12 
SYNC BIT 13 
SYNC BIT 14 
SYNC BIT 15 


“For SDLC It Must Be Programmed 
to 01111110 For Flag Recognition 


Figure 14. Write Register Bit Functions 
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The SIO must have the same clock as the 


CPU (same phase and frequency relationship, 


not necessarily the same driver). 


Read Cycle. The timing signals generated by 
a Z-80 CPU input instruction to read a data or 


status byte from the SIO are illustrated in 
Figure 15. 


Write Cycle. Figure 16 illustrates the timing 
and data signals generated by a Z-80 CPU out- 
put instruction to write a data or control byte 


into the SIO. 


Interrupt-Acknowledge Cycle. After receiv- 


ing an interrupt-request signal from an SIO 
(INT pulled Low), the Z-80 CPU sends an 


interrupt-acknowledge sequence (M1 Low, and 
IORQ Low a few cycles later) as in Figure 17. 
The SIO contains an internal daisy-chained 
interrupt structure for prioritizing nested inter- 
rupts for the various functions of its two chan- 


nels, and this structure can be used within 
an external user-defined daisy chain that 
prioritizes several peripheral circuits. 

The IEI of the highest-priority device is 
terminated High. A device that has an inter- 
rupt pending or under service forces its IEO 


Low. For devices with no interrupt pending or 


under service, IEO = IEI. 
To insure stable conditions in the daisy 
chain, all interrupt status signals are pre- 


vented from changing while M1 is Low. When 


IORQ is Low, the highest priority interrupt 
requestor (the one with IEI High) places its 
interrupt vector on the data bus and sets its 


Ty T2 Tw T3 Ty; 


CLOCK 
CE, C/D, BIA 


ioRQ 


Figure 15. Read Cycle 


Ty T2 Tw T3 Ty 


CLOCK 


CE, C/D, BIA 


Figure 16. Write Cycle 


internal interrupt-under-service latch. 


Return From Interrupt Cycle. Figure 18 
illustrates the return from interrupt cycle. 
Normally, the Z-80 CPU issues a RETI (Return 
From Interrupt) instruction at the end of an 
interrupt service routine. RETI is a 2-byte 
opcode (ED-4D) that resets the interrupt- 
under-service latch in the SIO to terminate the 
interrupt that has just been processed. This is 
accomplished by manipulating the daisy chain 
in the following way. 

The normal daisy-chain operation can be 
used to detect a pending interrupt; however, it 
cannot distinguish between an interrupt under 
service and a pending unacknowledged inter- 
rupt of a higher priority. Whenever “ED” is 
decoded, the daisy chain is modified by forc- 
ing High the IEO of any interrupt that has not 
yet been acknowledged. Thus the daisy chain 
identifies the device presently under service as 
the only one with an IEI High and an IEO Low. 
If the next opcode byte is “4D,” the interrupt- 
under-service latch is reset. 

The ripple time of the interrupt daisy chain 
(both the High-to-Low and the Low-to-High 
transitions) limits the number of devices that 
can be placed in the daisy chain. Ripple time 
can be improved with carry-look-ahead, or by 
extending the interrupt-acknowledge cycle. 
For further information about techniques for 
increasing the number of daisy-chained 
devices, refer to the Z-80 CPU Product 
Specification. 


DATA VECTOR 


Figure 17. Interrupt Acknowledge Cycle 


Figure 18. Return from Interrupt Cycle 
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Absolute 


Voltages on all inputs and outputs 


Stresses greater than those listed under Absolute Max1- 


Maximum with respect toGND.......... -0.3Vto +7.0V mum Ratings may cause permanent damage to the device. 
Ratinas ne This 1s a stress rating only; operation of the device at any 
arng Operating Ambient As Spécified in condition above those indicated in the operational sections 
Temperature ........... Ordering Information of these specifications 1s not implied. Exposure to absolute 
5 5 maximum rating conditions for extended periods may affect 
Storage Temperature........ -65°C to +150°C device reliability. 
Test The characteristics below apply for the +5V 
Conditions following test conditions, unless otherwise pi 
noted. All voltages are referenced to GND Perens 
(0 V). Positive current flows into the refer- i telah 
enced pin. Available operating temperature = 
ranges are: ee a 
MS" =0°C to: + 70°C, L 
+4.75 Vs Voc Ss +5.25 V = 
m E* = —40°C to +85°C, 
+4.75 Vs Vecs +5.25V 
wm M* = —55°C to + 125°C, 
+45 Vs Vocs +5.5V 
“See Ordering Information section for package 
temperature range and product number. 
DC Symbol Parameter Min Max Unit Test Condition 
Charac- 
teristics Vitc Clock Input Low Voltage -0.3 +045 V 
Vinc Clock Input High Voltage Vec-0.6 +5.5 V 
Vin Iriput Low Voltage -0.3 +0.8 V 
Vig Input High Voltage +2.0 +5.5 V 
VoL Output Low Voltage +0.4 V In, = 2.0 mA 
Vou Output High Voltage +2.4 V low = -250 pA 
Ty Input Leakage Current -10 +10 pA 0<Vin<Vocc 
L 3-State Output/Data Bus Input Leakage Current -10 +10 pA 0<Vin<Vec 
Iisy) SYNC Pin Leakage Current -40 +10 pA 0<Vin<Vecc 
ee Power Supply Current 100 mA 


Over specified temperature and voltage range. 


Capacitance Symbol 


Parameter Min 
S: Clock Capacitance 
Cw Input Capacitance 


Cour Output Capacitance 


Over specified temperature range, f = 1MH, 


Max Unit Test Condition 
40 pF Unmeasured 
5 pF pins returned 
10 pF to ground 
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105 


OIS 082 


(1) 
AC 
(2) +4) 
Electrical [ete 
Character- ctr 
istics 6) praed 


CE, CID, BIA 


10RQ, RD 


Do-D7 


IORQ 


IEO 
INT 


WIRDY 


JAN 
Je 


LETT & 


EG 
ee 


| 


ae 


| iy | 
Gi 


Z-80 SIO Z-80A SIO Z-80B SIO*t 
Number Symbol Parameter Min Max Min Max Min Max 
] TeC Clock Cycle Time 400 4000 250 4000 165 4000 
2 TwCh Clock Width (High) 170 2000 105 2000 70 2000 
S TiC Clock Fall Time 30 30 15 
4 TrC Clock Rise Time 30 30 15 
5. TwC] == Cloek Width (Low) 170 = 2000 === 108 = 2000 == 10 = 2000 === 
6  TsAD(C) CE, C/D, B/A to Clock t Setup Time 160 145 60 
7 TsCS(C) TORQ, RD to Clock t Setup Time 240 115 60 
8 TdC(DO) Clock t to Data Out Delay 240 220 150 
9g TsDI(C) Data In to Clock t Setup (Write or M1 Cycle) 50 50 30 
10 —— TdRD(DOz) — RD t to Data Out Float Delay ——---—- 230 —__——_ 110 —-— 90 ——- 
1] TdIO(DOI) TORO | to Data Out Delay (INTACK Cycle) 340 160 100 
12 TsM1(C) M1 to Clock t Setup Time 210 90 75 
13 TsIEI(IO) IEI to IORQ | Setup Time (INTACK Cycle) 200 140 120 
14 TdM1(IEO) M1 | to IEO | Delay (interrupt before M1) 300 190 160 
15 —— TdIEI(IEOr)-—— IEI t to IEO t Delay (after ED decode) 150 ———_—_——— 100 —-——_- 70 -———- 
16 TdIEI(IEOf) IEI | to IEO | Delay 150 100 70 
17 TdaC(INT) Clock t to INT | Delay 200 200 150 
18 TdIO(W/RWE) IORO | or CE | to W/RDY ! (Delay Wait Mode) 300 210 175 
19 TdC(W/RR) Clock t to W/RDY 1t Delay (Ready Mode) 120 120 100 
20 — TdC(W/RWz)-— Clock | to W/RDY Float Delay (Wait Mode) 150 ————_—- 130 —___-110 —— 
21 Th Any unspecified Hold when Setup is specified 0 0 0 


* Z-80 SIO timings are preliminary and subject to change. 
t Units in nanoseconds (ns) 
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2044-012 


AC 


Electrical ee 
Character- ~—s 
istics 
(Continued) SC 
Tx¢c 
eae 
(4) (5) 
pana 
TxD kD 4 
@) 
a | 
(8) 
INT 
(3) 
RxC 
(10) a © (11) 
poe a 
RxD ii Ga 
(14) 
WIRDY ‘ 
(15) 
(5) 
Z-80 SIO Z-80A SIO Z-80B SIO! 
Number Symbol Parameter Min Max Min Max Min Max NotesT 
] TwPh Pulse Width (High) 200 200 200 2 
2 TwPl Pulse Width (Low) 200 200 200 2 
3. TcTxC TxC Cycle Time 400s ow 400 © 330 © 2 
4 TwTxCl TxC Width (Low) 180 © 180 © 100 © 2 
5 — TwIxCh TxC Width (high) = 10 os 180 a 100 ie 2 
6 TdTxC(TxD) TxC | to TxD Delay (xl Mode) 400 300 220 2 
7  TdTxC(W/RRf TxC | to W/RDY | Delay (Ready Mode) 5 9 5 9 5 9 3 
8 TdTxC(INT) TxC | to INT | Delay 5 9 5 9 5 9 3 
9 TcRxC RxC Cycle Time 400 co 400 eo 330 2 
10 —— TwRxCl RxC Width. Low) 100 = 0 180 100 2 
ll TwRxCh RxC Width (High) 180 co 180 ore) 100 fore 2 
12 TsRxD(RxC) RxD to RxC ft Setup Time (x1 Mode) 0 0 0 2 
13 ThRxD(RxC) RxC t to RxD Hold Time (xl Mode) 140 140 100 2 
14 TdRxC(W/RRf) RxC t to W/RDY } Delay (Ready Mode) 10 13 10 13 10 13 3 
15  TdRxC(INT) RxC 1 to INT | Delay 10 613 10 8613 10 13 3 
16 TdRxC(SYNC) RxC t toSYNC | Delay (Output Modes) 4 7 4 7 4 7 S| 
17 TsSYNC(RxC) SYNC } to RxC t Setup (External Sync 
Modes) -100 -100 100 2 
NOTES: 
t In all modes, the System Clock rate must be at least five times 2. Units in nanoseconds (ns). 
the maximum data rate. 3. Units equal to System Clock Periods. 


1. Z-80 SIO timings are preliminary and subject to change. 
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Ordering 
Information 
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Product 
Number 


28440 


28440 
28440 
28440 
Z8440A 


Z8440A 
Z8440A 
Z8440A 
Z8440B 


Z8440B 
Z8440B 


2844] 


2844] 
2844] 
Z8441 
Z8441A 


Z8441A 


Package/ 


Temp 


CE,CM 


CMB,CS 
DE,DS 
PE,PS 

CE,CM 


CMB,CS 
DE,DS 
PE,PS 

CS 


DS 
PS 


CE,CM 


CMB,CS 
DE,DS 
PE,Po 

CE,CM 


CMB,CS 


Speed 


2.5 MHz 


2.5 MHz 
2.5 MHz 
2.5 MHz 
4.0 MHz 


4.0 MHz 
4.0 MHz 
4.0 MHz 
6.0 MHz 


6.0 MHz 
6.0 MHz 


2.5 MHz 


2.5 MHz 
2.5 MHz 
2.5 MHz 
4.0 MHz 


4.0 MHz 


Description 


Z80 SIO/O 
(40-pin) 


Same as above 
Same as above 


Same as above 


Z80A SIO/O 
(40-pin) 


Same as above 
Same as above 


Same as above 


Z80B SIO/O 
(40-pin) 


Same as above 


Same as above 


Z80 SIO/1 
(40-pin) 


Same as above 
Same as above 


Same as above 


Z80A SIO/1 
(40-pin) 


Same as above 


Product 
Number 


Z8441A 


Z8441A 
Z8441B 


Z8441B 
Z8441B 


28442 


28442 
28442 
28442 
Z8442A 


Z8442A 
Z8442A 
Z8442A 
Z8442B 


28442B 
Z8442B 


Package/ 


Temp 


DE,DS 


PE,PS 
CS 


DS 
PS 


CE,CM 


CMB,CS 
DE,DS 
PE, PS 

CE,CM 


CMB,CS 
DE,DS 
PE,PS 

CS 


DS 
PS 


Speed 


4.0 MHz 


4.0 MHz 
6.0 MHz 


6.0 MHz 
6.0 MHz 


2.5 MHz 


2.5 MHz 
2.5 MHz 
2.5 MHz 
4.0 MHz 


4.0 MHz 
4.0 MHz 
4.0 MHz 
6.0 MHz 


6.0 MHz 
6.0 MHz 


Description 


Z80B SIO/1 
(40-pin) 


Same as above 


Z80B SIO/1 
(40-pin) 


Same as above 


Same as above 


Z80 SIO/2 
(40-pin) 


Same as above 
Same as above 


Same as above 


Z80A SIO/2 
(40-pin) 


Same as above 
Same as above 


Same as above 


Z80B SIO/2 
(40-pin) 


Same as above 


Same as above 


*NOTES C = Ceramic, D = Cerdip, P = Plastic, E = -40°C to +85°C, M = -55°C to +125°C, MB = -55°C to +125°C with 


MIL-STD-883 with Class B processing, S = 0°C to +70°C 
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28470 Z80° DART 
Dual Asynchronous 
Receiver/Transmitter 


- Product 


8@B | 
Zilog Specification 
June 1982 
Features @ Two independent full-duplex channels with m Break generation and detection as well as 
separate modem controls. Modem status can parity-, overrun- and framing-error detec- 
be monitored. tion are available. 
@ In xl clock mode, data rates are 0 to 500K @ Interrupt features include a programmable 
bits/second with a 2.5 MHz clock, or 0 to interrupt vector, a ‘status affects vector” 
800K bits/second with a 4.0 MHz clock. mode for fast interrupt processing, and the 


standard Z-80 peripheral daisy-chain inter- 
rupt structure that provides automatic inter- 
rupt vectoring with no external logic. 


M@ Receiver data registers are quadruply but- 
fered; the transmitter 1s doubly buffered. 


@ Programmable options include 1, 1% or 2 


stop bits; even, odd or no parity; and xl, @ On-chip logic for ring indication and 


x16, x32 and x64 clock modes. carrier-detect status. 

Description The Z-80 DART (Dual-Channel Asynchro- modem controls are not needed, these lines 
nous Receiver/Transmitter) is a dual-channel can be used for general-purpose I/O. 
multi-function peripheral component that Zilog also offers the Z-80 SIO, a more ver- 
satisfies a wide variety of asynchronous serial satile device that provides synchronous 
data communications requirements in micro- (Bisync, HDLC and SDLC) as well as asyn- 
computer systems. The Z-80 DART 1s used as a chronous operation. 
serial-to-parallel, parallel-to-serial converter/ The Z-80 DART is fabricated with n-channel 
controller in asynchronous applications. In silicon-gate depletion-load technology, and 1s 
addition, the device also provides modem con- packaged 1n a 40-pin plastic or ceramic DIP. 


trols for both channels. In applications where 


Do RxDA 
D, RxCA 
Do TxDA 
CPU D, TxCA 
DATA 
BUS D, WIRDYA 
Ds CH-A 
Dg RIA 
Dy RTSA MODEM 
CTSA? CONTROL 
DTRA 
cE DCDA 
RESET Z-80 DART 
Mi 0 31 
Z-80 DART 
CONTROL iORG RxDB 1 30 
FROM sd eee, 
CPU RD }<t-———— RxTxCB 
TxDB 
cid W/RDYB 
BIA CH-B 
DAISY int csp 4) MODEM 
CONTROL 
CHAIN ies aTaa 
INTERRUPT zis 
CONTROL 1EO DCDB 
+5V GND CLK 
Figure 1. Z80 DART Pin Functions Figure 2. Pin Assignments 
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Pin 
Description 


110 


B/A. Channel A Or B Select (input, High 
selects Channel B). This input defines which 
channel is accessed during a data transfer be- 


tween the CPU and the Z-80 DART. 


C/D. Contro/ Or Data Select (input, High 
selects Control). This input specifies the type 
of information (control or data) transferred on 
the data bus between the CPU and the Z-80 
DART. 


CE. Chip Enable (input, active Low). A Low at 
this input enables the Z-80 DART to accept 
command or data input from the CPU during a 
write cycle, or to transmit data to the CPU 
during a read cycle. 


CLK. System Clock (input). The Z-80 DART 
uses the standard Z-80 single-phase system 
clock to synchronize internal signals. 


CTSA, CTSB. Clear To Send (inputs, active 
Low). When programmed as Auto Enables, a 
Low on these inputs enables the respective 
transmitter. If not programmed as Auto 
Enables, these inputs may be programmed as 
general-purpose inputs. Both inputs are 
Schmitt-trigger buffered to accommodate slow- 
risetime signals. 


Do-Dy. System Data Bus (bidirectional, 
3-state) transfers data and commands between 


the CPU and the Z-80 DART. 


DCDA, DCDB. Data Carrier Detect (inputs, 
active Low). These pins function as receiver 
enables if the Z-80 DART is programmed for 
Auto Enables; otherwise they may be used as 
general-purpose input pins. Both pins are 
Schmitt-trigger buffered. 


DTRA, DTRB. Data Terminal Ready (outputs, 
active Low). These outputs follow the state pro- 
grammed into the DTR bit. They can also be 
programmed as general-purpose outputs. 


IEI. /nterrupt Enable In (input, active High) 1s 
used with IEO to form a priority daisy chain 
when there is more than one interrupt-driven 
device. A High on this line indicates that no 
other device of higher priority is being ser- 
viced by a CPU interrupt service routine. 


IEO. Jnterrupt Enable Out (output, active 
High). IEO is High only if IE] is High and the 
CPU is not servicing an interrupt from this 
Z-80 DART. Thus, this signal blocks lower 
priority devices from interrupting while a 
higher priority device is being serviced by its 
CPU interrupt service routine. 


INT. Jnterrupt Request (output, open drain, 
active Low). When the Z-80 DART is re- 
questing an interrupt, it pulls INT Low. 


Ml. Machine Cycle One (input from Z-80 
CPU, active Low). When M1 and RD are both 
active, the Z-80 CPU is fetching an instruction 
from memory; when M1 is active while IORQ 1s 
active, the Z-80 DART accepts M1 and IORQ 


as an interrupt acknowledge if the Z-80 DART 
is the highest priority device that has inter- 
rupted the Z-80 CPU. 


IORQ. [nput/Output Request (input from CPU, 
active Low). IORQ is used 1n conjunction with 
B/A, C/D, CE and RD to transfer commands 
and data between the CPU and the Z-80 
DART. When CE, RD and IORO are all 

active, the channel selected by B/A transfers 
data to the CPU (a read operation). When CE 
and IORQ are active, but RD is inactive, the 
channel selected by B/A 1s written to by the 
CPU with either data or control information as 


specified by C/D. 


RxCA, RxCB. Receiver Clocks (inputs). 
Receive data is sampled on the rising edge of 
RxC. The Receive Clocks may be 1, 16, 32 or 
64 times the data rate. 


RD. Read Cycle Status. (input trom CPU, ac- 
tive Low). If RD 1s active, a memory or I/O 
read operation 1s in progress. 


RxDA, RxDB. Receive Data (inputs, active 
High). 


RESET. Feset (input, active Low). Disables 
both receivers and transmitters, forces TxDA 
and TxDB marking, forces the modem controls 
High and disables all interrupts. 


RIA, RIB. Ring Indicator (inputs , Active 
Low). These inputs are similar to CTS and 
DCD. The Z-80 DART detects both logic level 
transitions and interrupts the CPU. When not 
used in switched-line applications, these inputs 
can be used as general-purpose inputs. 


RTSA, RTSB. Request to Send (outputs, —__ 
active Low). When the RTS bit is set, the RTS 
output goes Low. When the RTS bit is reset, 
the output goes High after the transmitter 
empties. 


TxCA, TxCB. Transmitter Clocks (inputs). TxD 
changes on the falling edge of TxC. The 
Transmitter Clocks may be 1, 16, 32 or 64 
times the data rate; however, the clock 
multiplier for the transmitter and the receiver 
must be the same. The Transmit Clock inputs 
are Schmitt-trigger buffered. Both the Receiver 
and Transmitter Clocks may be driven by the 
Z-80 CTC Counter Time Circuit for program- 
mable baud rate generation. 


TxDA, TxDB. Transmit Data (outputs, active 
High). 


W/RDYA, W/RDYB. Wait/Ready (outputs, 
open drain when programmed for Wait func- 
tion, driven High and Low when programmed 
for Ready function). These dual-purpose out- 
puts may be programmed as Ready lines for a 
DMA controller or as Wait lines that syn- 
chronize the CPU to the Z-80 DART data rate. 
The reset state is open drain. 


The functional capabilities of the Z-80 DART 
can be described from two different points of 
view: as a data communications device, it 
transmits and receives serial data, and meets 
the requirements of asynchronous data com- 
munications protocols; as a Z-80 family 
peripheral, it interacts with the Z-80 CPU and 
other Z-80 peripheral circuits, and shares the 
data, address and control buses, as well as 
being a part of the Z-80 interrupt structure. As 
a peripheral to other microprocessors, the Z-80 
DART offers valuable features such as non- 
vectored interrupts, polling and simple hand- 
shake capability. 


Functional 
Description 


Communications Capabilities. The Z-80 
DART provides two independent full-duplex 
channels for use as an asynchronous 
receiver/transmitter. The following 1s a short 
description of receiver/transmitter capabilities. 
For more details, refer to the Asynchronous 
Mode section of the Z-80 SIO Technical 
Manual. The Z-80 DART offers transmission 
and reception of five to eight bits per 
character, plus optional even or odd parity. 
The transmitter can supply one, one and a half 
or two stop bits per character and can provide 
a break output at any time. The receiver break 
detection logic interrupts the CPU both at the 
start and end of a received break. Reception is 
protected from spikes by a transient spike re- 
jection mechanism that checks the signal one- 
half a bit time after a Low level 1s detected on 
the Receive Data input. If the Low does not 
persist—as 1n the case of a transient—the 
character assembly process is not started. 


I/O Interface Capabilities. The Z-80 DART 
offers the choice of Polling, Interrupt (vectored 
or non-vectored) and Block Transfer modes to 
transfer data, status and control information to 


INTERNAL 
CONTROL 
LOGIC 


CONTROL 7 


CPU 
BUS 1/0 


INTERRUPT 
CONTROL 
LOGIC 


INTERRUPT 
CONTROL 
LINES 


+5V GND CLK 


CHANNEL A 
READ/WRITE 
REGISTERS 


INTERNAL BUS 


CHANNEL B 
READ/WRITE 
REGISTERS 


The first part of the following functional 
description introduces Z-80 DART data com- 
munications capabilities; the second part 
describes the interaction between the CPU and 
the Z-80 DART. 

The Z-80 DART offers RS-232 serial com- 
munications support by providing device 
signals for external modem control. In addition 
to dual-channel Request To Send, Clear To 
Send, and Data Carrier Detect ports, the Z-80 
DART also features a dual channel Ring In- 
dicator (RIA, RIB) input to facilitate 
local/remote or station-to-station communica- 
tion capability. 


Framing errors and overrun errors are 
detected and buffered together with the 
character on which they occurred. Vectored 
interrupts allow fast servicing of interrupting 
conditions using dedicated routines. Further- 
more, a built-in checking process avoids inter- 
preting a framing error as a new start bit: a 
framing error results in the addition of one-half 
a bit time to the point at which the search for 
the next start bit is begun. 

The Z-80 DART does not require symmetric 
Transmit and Receive Clock signals—a feature 
that allows it to be used with a Z-80 CTC or 
any other clock source. The transmitter and 
receiver can handle data at a rate of 1, 1/16, 
1/32 or 1/64 of the clock rate supplied to the 
Receive and Transmit Clock inputs. When 
using Channel B, the bit rates for transmit and 


receive operations must be the same because 
RxC and TxC are bonded together (RxTxCB). 


and from the CPU. The Block Transfer mode 
can be implemented under CPU or DMA 
control. 


—_____ SERIAL DATA 


CHANNEL A 
CHANNEL CLOCKS 


WAIT/READY 


CHANNEL A 
DISCRETE 


MODEM OR 
OTHER CONTR 
CONTROL AND F ote 


STATUS RIA 


CHANNEL B MODEM OR 


DISCRETE 
CONTROL AND OTHER CONTROLS 
STATUS = 


SERIAL DATA 


atten CHANNEL CLOCK 
WAITIREADY 


Figure 3. Block Diagram 
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POLLING. There are no interrupts in the 
Polled mode. Status registers RRO and RR1 are 
updated at appropriate times for each function 
being performed. All the interrupt modes of 
the Z-80 DART must be disabled to operate the 
device in a polled environment. 

While in its Polling sequence, the CPU 
examines the status contained in RRO for each 
channel; the RRO status bits serve as an 
acknowledge to the Poll inquiry. The two RRO 


INTERRUPTS. The Z-80 DART offers an 
elaborate interrupt scheme that provides fast 
interrupt response in real-time applications. As 
a member of the Z-80 family, the Z-80 DART 
can be daisy-chained along with other Z-80 
peripherals for peripheral interrupt-priority 
resolution. In addition, the internal interrupts 
of the Z-80 DART are nested to prioritize the 
various interrupts generated by Channels A 
and B. Channel B registers WR2 and RR2 con- 
tain the interrupt vector that points to an inter- 
rupt service routine in the memory. To 
eliminate the necessity of writing a status 
analysis routine, the Z-80 DART can modify the 
interrupt vector in RR2 so it points directly to 
one of eight interrupt service routines. This 1s 
done under program control by setting a pro- 
gram bit (WR1, D,) in Channel B called 
“Status Affects Vector.’’ When this bit 1s set, 
the interrupt vector in RR2 is modified accord- 
ing to the assigned priority of the various 
interrupting conditions. 

Transmit interrupts, Receive interrupts and 
External/Status interrupts are the main sources 
of interrupts. Each interrupt source is enabled 
under program control with Channel A having 
a higher priority than Channel B, and with 
Receiver, Transmit and External/Status inter- 
rupts prioritized in that order within each 
channel. When the Transmit interrupt 1s 
enabled, the CPU is interrupted by the 
transmit buffer becoming empty. (This implies 
that the transmitter must have had a data 
character written into it so it can become 


CPU/DMA BLOCK TRANSFER. The Z-80. 
DART provides a Block Transfer mode to 
accommodate CPU block transfer functions 
and DMA block transfers (Z-80 DMA or other 
designs). The Block Transfer mode uses the 
W/RDY output in conjunction with the 
Wait/Ready bits of Write Register 1. The 
W/RDY output can be defined under software 
control as a Wait line in the CPU Block 


status bits Dp and Ds indicate that a data 
transfer is needed. The status also indicates 
Error or other special status conditions (see 
“Z-80 DART Programming’). The Special 
Receive Condition status contained in RR1 
does not have to be read in a Polling sequence 
because the status bits in RR] are accom- 
panied by a Receive Character Available 
status in RRO. 


empty.) When enabled, the receiver can inter- 
rupt the CPU in one of three ways: 


m Interrupt on the first received character 
@ Interrupt on all received characters 
m@ Interrupt on a Special Receive condition 


Interrupt On First Character is typically 
used with the Block Transfer mode. Interrupt 
On All Receive Characters can optionally 
modify the interrupt vector in the event of 
a parity error. The Special Receive Condition 
interrupt can occur on a character basis. The 
Special Receive condition can cause an inter- 
rupt only if the Interrupt On First Receive 
Character or Interrupt On All Receive Char- 
acters mode is selected. In Interrupt On First 
Receive Character, an interrupt can occur 
from Special Receive conditions (except Parity 
Error) after the first receive character interrupt 
(example: Receive Overrun interrupt). 

The main function of the External/Status 
interrupt is to monitor the signal transitions of 
the CTS, DCD and RI pins; however, an 
External/Status interrupt is also caused by the 
detection of a Break sequence 1n the data 
stream. The interrupt caused by the Break 
sequence has a special feature that allows the 
Z-80 DART to interrupt when the Break 
sequence 1s detected or terminated. This 
feature facilitates the proper termination of the 
current message, correct initialization of the 
next message, and the accurate timing of the 
Break condition. 


Transfer mode or as a Ready line in the DMA 
Block Transfer mode. 

To a DMA controller, the Z-80 DART Ready 
output indicates that the Z-80 DART is ready to 
transfer data to or from memory. To the CPU, 
the Wait output indicates that the Z-80 DART is 
not ready to transfer data, thereby requesting 
the CPU to extend the I/O cycle. 


Internal 
Architecture 


The device internal structure includes a Z-80 
CPU interface, internal control and interrupt 
logic, and two full-duplex channels. Each 
channel contains read and write registers, and 
discrete control and status logic that provides 
the interface to modems or other external 
devices. 

The read and write register group includes 
five 8-bit control registers and two status 
registers. The interrupt vector 1s written into 
an additional 8-bit register (Write Register 2) 
in Channel B that may be read through Read 
Register 2 in Channel B. The registers for both 
channels are designated as follows: 


WRO-WR5 — Write Registers 0 through 5 
RRO-RR2 — Read Registers 0 through 2 


The bit assignment and functional grouping 
of each register is configured to simplify and 


Data Path. The transmit and receive data path 
illustrated for Channel A in Figure 4 1s iden- 
tical for both channels. The receiver has three 
8-bit buffer registers in a FIFO arrangement in 
addition to the 8-bit receive shift register. This 
scheme creates additional time for the CPU to 


organize the programming process. 

The logic for both channels provides for- 
mats, bit synchronization and validation for 
data transferred to and from the channel inter- 
face. The modem control inputs Clear to Send 
(CTS ), Data Carrier Detect (DCD) and Ring 
Indicator (RI) are monitored by the control 
logic under program control. All the modem 
control signals are general purpose in nature 
and can be used for functions other than 
modem control. 

For automatic interrupt vectoring, the inter- 
rupt control logic determines which channel 
and which device within the channel has the 
highest priority. Priority is fixed with Channel 
A assigned a higher priority than Channel B; 
Receive, Transmit and External/Status inter- 
rupts are prioritized in that order within each 
channel. 


service a Receive Character Available inter- 
rupt in a high-speed data transfer. 

The transmitter has an 8-bit transmit data 
register that is loaded from the internal data 
bus, and a 9-bit transmit shift register that is 
loaded from the transmit data register. 


0 DATA BUFFER 


RECEIVE 


1-BIT 
DELAY : 3 BITS 


RECEIVE 


RECEIVE 
ERROR 


LOGIC 


INTERNAL DATA BUS 


TRANSMIT DATA 


U 


SHIFT REGISTER | ig its 


TRANSMIT 
2-BIT DELAY TxDA 


TRANSMIT 
CLOCK LOGIC 


Figure 4. Data Path 
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Read, 
Write and 
Interrupt 
Timing 


Read Cycle. The timing signals generated by 
a Z-80 CPU input instruction to read a Data or 


Write Cycle. Figure 5b illustrates the timing 
and data signals generated by a Z-80 CPU out- 


Status byte from the Z-80 DART are illustrated 
in Figure 5a. 


put instruction to write a Data or Control byte 
into the Z-80 DART. 


Interrupt Acknowledge Cycle. After receiv- 
ing an Interrupt Request signal (INT pulled 
Low), the Z-80 CPU sends an Interrupt 
Acknowledge signal (MI and IORO both Low). 
The daisy-chained interrupt circuits determine 
the highest priority interrupt requestor. The IEI 
of the highest priority peripheral is terminated 
High. For any peripheral that has no interrupt 
pending or under service, IEO=IEI. Any 
peripheral that does have an interrupt pending 
or under service forces its IEO Low. 


Return From Interrupt Cycle. Normally, the 
Z-80 CPU issues an RETI (Return From Inter- 
rupt) instruction at the end of an interrupt ser- 
vice routine. RETI is a 2-byte opcode (ED-4D) 
that resets the interrupt-under-service latch to 
terminate the interrupt that has just been 
processed. 


Ty Tg Tw T3 Ty 


CLOCK " | 


cE Cd CHANNEL ADDRESS 


Figure 5c. Interrupt Acknowledge Cycle 


To insure stable conditions in the daisy 
chain, all interrupt status signals are prevented 
from changing while M1 is Low. When IOROQ is 
Low, the highest priority interrupt requestor 
(the one with IEI High) places its interrupt vec- 
tor on the data bus and sets its internal 
interrupt-under-service latch. 

Refer to the Z-80 SIO Technical Manual for 
additional details on the interrupt daisy chain 
and interrupt nesting. 


When used with other CPUs, the Z-80 DART 
allows the user to return from the interrupt 
cycle with a special command called ‘Return 
From Interrupt” in Write Register 0 of Channel 
A. This command is interpreted by the Z-80 
DART in exactly the same way it would inter- 
pret an RETI command on the data bus. 


CLOCK \ 


cE ( / CHANNEL ADDRESS 


DATA 


Figure 5d. Return from Interrupt Cycle 
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2044-008, 009, 010, 011 


2-80 DART 


To program the Z-80 DART, the system pro- 


Programming gram first issues a series of commands that 


initialize the basic mode and then other com- 
mands that qualify conditions within the select- 
ed mode. For example, the character length, 
clock rate, number of stop bits, even or odd 
parity are first set, then the Interrupt mode 
and, finally, receiver or transmitter enable. 


Both channels contain command registers 
that must be programmed via the system pro- 
gram prior to operation. The Channel Select 
input (B/A) and the Control/Data input (C/D) 
are the command structure addressing con- 
trols, and are normally controlled by the CPU 
address bus. 


Write Registers. The Z-80 DART contains six 
registers (WRO-WRS5) in each channel that are 
programmed separately by the system program 
to configure the functional personality of the 
channels (Figure 4). With the exception of 
WRO, programming the write registers requires 
two bytes. The first byte contains three bits 
(Dp-D2) that point to the selected register; the 
second byte is the actual control word that 1s 
written into the register to configure the Z-80 
DART. 

WRO is a special case in that all the basic 
commands (CMD)-CMD,) can be accessed 
with a single byte. Reset (internal or external) 
initializes the pointer bits Dp-D> to point to 
WRO. This means that a register cannot be 


Read Registers. The Z-80 DART contains 
three registers (RRO-RR2) that can be read to 
obtain the status information for each channel 
(except for RR2, which applies to Channel B 
only). The status information includes error 
conditions, interrupt vector and standard 
communications-interface signals. 

To read the contents of a selected read 
register other than RRO, the system program 
must first write the pointer byte to WRO in 
exactly the same way as a write register opera- 
tion. Then, by executing an input instruction, 
the contents of the addressed read register can 
be read by the CPU. 


pointed to in the same operation as a channel 
reset. 


Write Register Functions 


WRO_ Register pointers, initialization commands for 


the various modes, etc. 


WRI _ Transmit/Receive interrupt and data transfer 
mode definition. 


WR2 Interrupt vector (Channel B only) 
WR3_ Receive parameters and control 


WR4_ Transmuit/Receive miscellaneous parameters 
and modes 


WR5 Transmit parameters and controls 


The status bits of RRO and RR1 are carefully 
grouped to simplify status monitoring. For 
example, when the interrupt vector indicates 
that a Special Receive Condition interrupt has 
occurred, all the appropriate error bits can be 
read from a single register (RR1). 


Read Register Functions 


RRO  Transmit/Receive buffer status, interrupt 
status and external status 


RR1 Special Receive Condition status 
RR2 Modified interrupt vector (Channel B only) 
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Z-80 DART 


Read and Write 


Registers 


READ REGISTER 0 


[Dr] Be | Bs | Ds | Ds [De] Dy | Do, 


READ REGISTER 1* 


[D7 | De] Os [Da ] Da [Dz | Dy | Do | 


ALL SENT 
NOT USED 
PARITY ERROR 


; 


Rx OVERRUN ERROR 
FRAMING ERROR 


NOT USED 
*Used With Special Receive Condition Mode 


WRITE REGISTER 0 


[Pr | Ds [Ds ] Dg [Ds [Dz | Dy | Dy 


a a ee 
0 0 1 
0 1 0 
0 1 1 
1 0 0 
1 0 1 
NULL CODE 
NOT USED 


CHANNEL RESET 


ERROR RESET 


at st 4 OOOO 
~amOO4 34 OO 
“~AS#4§O-"0-40 


NOT USED 


REGISTER 0 
REGISTER 1 
REGISTER 2 
REGISTER 3 
REGISTER 4 
REGISTER 5 


RESET EXT/STATUS INTERRUPTS 


ENABLE INT ON NEXT Rx CHARACTER 
RESET TxiNT PENDING 


RETURN FROM INT (CH-A ONLY) 


WRITE REGISTER 2 (CHANNEL B ONLY) 


[= 


WRITE REGISTER 4 


[Pr | Bs [Ds ] Ds [Ds] 2 | Dy | Do 


INTERRUPT 
VECTOR 


| PARITY ENABLE 
PARITY EVEN/ODD 


NOT USED 


as OO 


NOT USED 


X1 CLOCK MODE 
X16 CLOCK MODE 
X32 CLOCK MODE 
X64 CLOCK MODE 


Oe om I an) 
=O-80 


0 

1 1 STOP BITICHARACTER 

0 1% STOP BITS/ICHARACTER 
1 2 STOP BITS/ICHARACTER 


Es 


Rx CHARACTER AVAILABLE 
INT PENDING (CH. A ONLY) 
Tx BUFFER EMPTY 


DCD 
RI 

USED WITH “EXTERNAL/ 
cts STATUS INTERRUPT” 
NOT USED | MODE 
BREAK 


READ REGISTER 2 


[Dr | Be [Ds {Ds | Da | Do | Dy | Do 


Vi ne 
V2** 


V3"* \ INTERRUPT 
v4 VECTOR 


V5 
V6 
V7 


I 


**Variable If ‘Status Affects 
Vector’ Is Programmed 


WRITE REGISTER 1 


| EXT INT ENABLE 
Tx INT ENABLE 


STATUS AFFECTS VECTOR 
(CH. B ONLY) 


Ed 
E 


Rx INT DISABLE 
Rx INT ON FIRST CHARACTER 


o 
i - ) 


AFFECTS VECTOR) 


DOES NOT AFFECT VECTOR) 
WAIT/READY ON R/T 
WAIT/READY FUNCTION 
WAITIREADY ENABLE 


WRITE REGISTER 3 


[Pr | Ds [Ds | Ds [Ds [De | Dy | Do 


INT ON ALL Rx CHARACTERS (PARITY 


INT ON ALL Rx CHARACTERS (PARITY 


OR ON 
SPECIAL 


RECEIVE 
CONDITION 


| bs Rx ENABLE 
NOT USED (MUST BE PROGRAMMED 0) 
AUTO ENABLES 
0 Rx § BITSICHARACTER 


—~=3D 


WRITE REGISTER 5 


[Dr [Bs [Ds | Ds [Ds | D2] Dy | Do 


L NOT USED 
RTS 

NOT USED 
Tx ENABLE 
SEND BREAK 


Tx 5 BITS (OR LESS)iCHARACTER 
Tx 7 BITSICHARACTER 
Tx 6 BITSICHARACTER 
Tx 8 BITSICHARACTER 


DTR 


= 


at OO 
a Oa © 


Rx 6 BITSICHARACTER 


0 
1 Rx 7 BITSICHARACTER 
0 
1 Rx 8 BITSICHARACTER 
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2044-004, 005 


Absolute Voltages on all inputs and outputs Stresses greater than those listed under Absolute Max1- 
7 : mum Ratings may cause permanent damage to the device. 
Maximum with respect toGND.......... -0.3Vto +7.0V This 1s a stress rating only; operation of the device at any 
Ratings Operating Ambient As Specified in condition above those indicated 1n the operational sections 
Temperature Ordering Information of these specifications is not implied. Exposure to absolute 
Herat hgh y ve de maximum rating conditions for extended periods may affect 
Storage Temperature........ -65°C to + 150°C device reliability. 
Test The characteristics below apply for the *See Ordering Information section for package 
Conditions following test conditions, unless otherwise temperature range and product number 
noted. All voltages are referenced to GND 
(O V). Positive current flows into the refer- peal 
enced pin. Available operating temperature se 
ranges are: FROM OUTPUT 
m S* = 0°C to +70°C nn 
+4.75 Vs Voc S +5.25 V fei 250 
mE* = —40°C to +85°C, | 
+4.75 Vs Vec Ss +5.25 V => = F 
m M* = —55°C to +125°C, 
+4.5V<s Veo Ss +5.5V 
DC Symbol Parameter Min Max Unit Test Condition 
Charac- 
teristics Vitec Clock Input Low Voltage -0.3 +045 V 
Vinc Clock Input High Voltage Voc-0.6 +5.5 V 
Vin Input Low Voltage 0:3: +08 V 
Vig Input High Voltage $2.06 05 V 
VoL Output Low Voltage +0.4 V Io, = 2.0 mA 
Vou Output High Voltage + 2.4 V lop = -250 pA 
I. Input/3-State Output Leakage Current -10 +10 pA 0.4<V<2.4V 
Thr) RI Pin Leakage Current -40 + 10 pA 0.4<V<2.4V 
loc Power Supply Current 100 mA 
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AC o 
Electrical eee 0 
Character- CLK 


istics 
CE, CID, BIA ie. ee ad 
== Os 
mM __| 


1ORQ, RD 


|, 


JAY 


7, 3 
ae, 
pt ot ey le te 
= ie 


Tr 
a: 


iNT 


WIRDY 


Z-80 DART Z-80A DART Z-80B DART*} 


Number Symbol Parameter Min Max Min Max Min Max 
1 TcC Clock Cycle Time 400 4000 250 4000 165 4000 
2 TwCh Clock Width (High) 170 2000 105 2000 70 2000 
3 TiC Clock Fall Time 30 30 15 
4 TrC Clock Rise Time 30 30 15 
5 — TwCl Clock Width (Low) —--—---—— 170 — 2000 —— 105 — 2000 ——— 70 — 2000 —— 
6 TsAD(C) CE, C/D, B/A to Clock t Setup Time 160 145 60 
7  TsCS(C) IORO, RD to Clock t Setup Time 240 115 60 
8 TdC(DO) Clock ft to Data Out Delay 240 220 150 
fe) TsDI(C) Data In to Clock t Setup (Write or M1 Cycle) 50 50 30 
10 —— TdRD(DOz) — RD t to Data Out Float Delay ————-_______ 230 -_—_ 110 —-—- 90 ——- 
1] TdIO(DOI) IORO } to Data Out Delay (INTACK Cycle) 340 160 100 
12 TsM1(C) M1 to Clock t Setup Time 210 90 75 
13 TsIEI(IO) IEI to IORO | Setup Time (INTACK Cycle) 200 140 120 
14 TdM1(IEO) M1 | to IEO | Delay (interrupt before Ml) 300 190 160 
15 — TdIEI(IEOr) — IEI t to IEO t Delay (after ED decode) —————_—--_ 150 —_ 100 --- 70 ———- 
16 TdIEI(IEOf) IEI |} to IEO | Delay 150 100 70 
17 TdC(INT) Clock t to INT |} Delay 200 200 150 
18 TdIO(W/RWf) IORQ | or CE | to W/RDY | Delay Wait Mode) 300 210 175 
19 TdC(W/RR) Clock t to W/RDY ! Delay (Ready Mode) 120 120 100 
20 TdC(W/RWz) Clock | to W/RDY Float Delay (Wait Mode) 150 130 110 


* All timings are preliminary and subject to change. 
Tt Units 1n nanoseconds (ns) 
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AC 


Electrical eee 
Charac- eae 
teristics 6 
(Continued) 
Txc 
ee aa 
(4) (5) 
nae 
TxD = 4 
@) 
WIRDY fl 
(4) 
iNT 
(3) 
ea 
(10) a 6 (it) 
a 
RxD {| 
(4) 
WIRDY : 
(15) 
INT 
Z-80 DART Z-80A DART Z-80B DART! 
Number Symbol Parameter Min Max Min Max Min Max NotesT 
] TwPh Pulse Width (High) 200 200 200 2 
2 TwPl Pulse Width (Low) 200 200 200 2 
3 TcTxC TxC Cycle Time 400 400 0 330 0 2 
4 TwTxCl TxC Width (Low) 180 © 180 100 2 
5— TwTtxCh txC Width. (High) ——————_ 180 —— a 180 — oo 220 a 
6 TdTxC(TxD) TxC | to TxD Delay 400 300 2 
7 TdTxC(W/RRf) TxC | to W/RDY | Delay (Ready Mode) 5 9 5 9 5 se) 3 
8 TdTxC(INT) TxC | to INT | Delay 5 9 5 9 5 9 3 
9g TcRxC RxC Cycle Time 400 @ 400 © 330 2 
10— TwRxCl RxC Width (Low) ————————— ee 10 ro "180 100 re 2s 
1] TwRxCh RxC Width (High) 180 oo 180 eo 100 oo 2 
12 TsRxD(RxC) RxD to RxC ft Setup Time (xl Mode) 0 0 0 2 
13 ThRxD(RxC) RxD Hold Time (x1 Mode) 140 140 100 2 
14 TdRxC(W/RRf) RxC t to W/RDY | Delay (Ready 10 13 10 13 10 13 3 
Mode) 
15 TdRxC(INT) RxC t to INT } Delay 10 13 10 13 10 13 3 
NOTES. 
Tt In all modes, the System Clock rate must be at least five times 1. Timings are preliminary and subject to change. 
the maximum data rate RESET must be active a minimum of one 2 Units in nanoseconds (ns). 
complete Clock Cycle 3 Units equal to System Clock Periods 


2044-013 119 


LUyd 08Z 


Ordering Product Package/ Product Package/ 

Information Number Temp Speed Description Number Temp Speed Description 
Z8470 CE 2.5 MHz Z80 DART (40-pin) Z8470A Cs 4.0 MHz Z80A DART 
78470 CM 2.5MHz Same as above (40-pin) 
28470 CMB 2.5 MHz Same as above Z8470A DE 4.0 MHz Same as above 
78470 as 2.5 MHz Same as above Z8470A DS 4.0 MHz Same as above 
Z8470 DE 2.5 MHz Same as above Z8470A PE 4.0 MHz Same as above 
78470 Ds 2.5 MHz Cameras above Z8470A PS 4.0 MHz Same as above 
28470 PE  2.5MHz Same as above 284708 CE 6.0MHz 280B DART 
78470 PS 2.5MHz Same as above cee 
78470A CE 4.0 Miz 780A DART Z8470B ere 6.0 MHz Same as above 

(40-pin) Z8470B DS 6.0 MHz Same as above 

Z8470A CM 4.0MHz Same as above Z8470B PS 6.0MHz — Same as above 
Z8470A CMB 4.0 MHz Same as above 
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*NOTES C = Ceramic, D = Cerdip, P = Plastic, E = -40°C to +85°C, M = -55°C to +125°C, MB = -55°C to +125°C with 
MIL-STD-883 Class B processing, S = 0°C to +70°C . 


Z8000 Family 


Zilog Z8000™ Family 


The Art of Staying a Generation Ahead 


June 1982 


Z80 Tradition in 16 bits. Continuing 
the Family concept so successfully 
introduced by its 8-bit Z80 CPU, Zilog 
devised the Z8000 Family of 16-bit 
parts. As you would expect from Zilog, 
this Family provides much more than 
an extension of 8-bit architecture: the 
Z8000 Family lets you design advanced 
concepts from the mainframe and 
minicomputer worlds into microcom- 
puter systems. 

And because the Z8000 Family was 
built around a unifying set of protocols 
and interconnections, present and 
future family members are entirely 
compatible. Your system can grow as 
your applications mature or expand. A 
whole range of functions have been 
planned for from the beginning; the 
growing family now includes parts to 
provide memory management, DMA 
transfer, and extended processing. 


System Flexibility. Even the smallest 
Z8000 systems offer high throughput 
and easy programming far superior to 
any existing microprocessor alter- 
native. In mid-range applications, 
Z8000 components offer very powerful 
solutions to the design problems of 
word processing, intelligent terminals, 
data communications, instrumentation, 
and process control. In a complex net- 
work of multiple processors, smart 
peripheral components, and a 
distributed memory configuration, the 
Z8000 Family provides performance 
and versatility exceeding that of much 
larger—and far more expensive—muni- 
computers. 


Higher Throughput, Reduced 

Cost. The powerful instruction set, 
high execution speed, regular architec- 
ture, and numerous special features of 
the Z8000 microprocessors dramatically 
increase system throughput. Intelligent 
Z8000 peripheral controllers and exten- 
ded processing units unburden the 
CPU and boost throughput even more. 

Simply put, the Z8000 Family offers 
more for less money. The Z8000 
microprocessors give mid-range 
minicomputer performance at 
microprocessor cost. At component 
prices, Z8000 peripheral controllers 
perform complex system functions that 
previously reguired an entire PC 
board. 

The Z8000 Family is designed for 
multiple-processor operation—an 
economical way of greatly increasing 
system performance. Many special 
features for multiple Z8000 CPUs 
facilitate the design of multiple- 
processor systems that share access to 
a common memory. The Memory Man- 
agement Units can dynamically 
relocate code and protect memory 
areas. The Z8034 Z-UPC Universal 
Peripheral Controller, a complete slave 
microcomputer, and the Z8070 Floating 
Point Emulation Package for high 
speed arithmetic, can manipulate data 
off-lune. Asynchronous parts of 
multiple-processor systems can be 
joined by the Z8038 Z-FIO FIFO Inter- 


face Unit. 


An Unmatched CPU. The Z8000 
microprocessor is not just a wider data 
path, more registers, more data types, 
more addressing modes, more instruc- 
tions and more addressing space. It 
brings big-machine concepts to the 
level of components. Its general- 
register architecture avoids bottlenecks 
associated with dedicated or implied 
registers. Special features support 
parallel processors, operating systems, 
compilers, and the implementation of 
virtual memory. 

The Z8000 CPU 1s also a very fast 
machine. Its throughput is greater than 
that of any other 16-bit microprocessor 
with comparable clock speeds. And the 
Z8000 CPU 1s available with speeds 
ranging from a moderate 4 MHz clock 
rate that allows you the choice of slow- 
access, low-cost memories to a high- 
speed 10 MHz clock rate for high- 
performance systems. From the four 
versions of the Z8000 microprocessors, 
you can select the one best suited to 
your needs: the Z8001 for large 
memory applications, the Z8002 for 
small memory applications, the Z8003 
for virtual memory, the Z8004 for 
multiprocessors sharing a common, 
small memory. 


How to Manage Your Memory 

Better. Trends are increasingly toward 
systems with multiple users, complex 
programs, security requirements and 
memories that don't stop growing. 
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These design problems pose questions 
not sufficiently answered by other 
microprocessor families. 

Exemplifying the Z-Family commit- 
ment to advanced architecture, the 
Z8010 Memory Management Unit 
(MMU) and the Z8015 Paged Virtual 
Memory Management Unit (PMMU) 
both provide flexibility in code seg- 
menter page relocation and sophistica- 
tion in memory protection rarely found 
in the microprocessor world. These 
devices encourage modular software 
development—a critical factor as pro- 
grams reach new levels of complexity. 

You are free from specifying where 
information 1s actually located in 
physical memory because the MMU 
and PMMU make software addresses 
totally independent from the actual 
physical memory address. While some 
microprocessor CPUs do have internal 
CPU relocation registers, they are 
dedicated and support few segments. 
These CPUs also restrict memory pro- 
tection. Not true for the MMU or 
PMMU. Various configurations of these 
devices can randomly relocate all 128- 
segments output by the Z8000 CPU in 
any of its available memory systems. 

For even more sophisticated memory 
management, the Z8000 micro- 
processors include a new member that 
supports virtual memory via an 
instruction abort mechanism. The 
Z8003 Virtual Memory Processing Unit 
can implement either segmented virtual 
memory that allows demand swapping 
of segments, or a paged virtual 
memory in which the unit of memory 
allocation is a page within a segment. 


124 


But the memory management units 
are more than relocation devices. They 
offer you a host of memory protection 
features that allow the system to protect 
its software from unwanted uses and 
users. Segments or pages can be 
specified as read-only to protect them 
from being overwritten, as system- 
only to protect the operating system 
from inadvertent user access, as 
execute-only, and so on. A write warn- 
ing zone 1s especially useful in stack 
operations so the operating system can 
deal with growing stacks. 


Peripheral Problem Solvers. Z8000 
peripheral components are not dumb 
I/O circuits. They perform intelligent, 
complicated tasks on their own. They 
unburden the CPU, reduce bus traffic, 
and increase system throughput. Com- 
plex system tasks that previously 
required burdensome conglomerations 
of MSI can now be handled off-line by 
Z-BUS peripherals with little CPU 
overhead. Multifunction Z-BUS 
peripherals are extensively program- 
mable, so each can be precisely 
tailored to its application. 

Counting, timing, and parallel I/O 
problems seem less tiresome with the 
Z8036 Z-CIO Counter and Parallel I/O 
device. It has three 16-bit counter/ 
timers, and three I/O ports. It can even 
double as a programmable interrupt- 
priority controller. Data communica- 
tions are neatly handled by the Z8030 
Z-SCC Serial Communication Con- 
troller and the Z8033 Z-ASCC Asyn- 
chronous Serial Communications Con- 
troller, dual-channel multi-protocol 
components that support between them 
all popular communications formats. 
Direct memory access 1s amply sup- 
ported by the Z8016 DTC DMA 


Transfer Controller, a fast dual-channel 


device that enhances the addressing 
power of the Z8000 CPU in stand-alone 
or parallel-processor environments. 
General purpose control and data- 
manipulation problems are smoothly 
solved by the Z8034 Z-UPC Universal 
Peripheral Controller, a complete off- 
line microcomputer-on-a-chip with 
three I/O ports. This processor 
executes the same friendly, capable 
instruction set as our Z8 Microcom- 
puter. Bits and pieces of asynchronous 
parallel-processing systems are inter- 
connected by the Z8038 Z-FIO FIFO 
Input/Output, a surprisingly flexible 
device that can interface any major 
microprocessor and most peripherals to 
the Z-BUS. Its buffer depth can be 
expanded without limit using the 
Z8060 FIFO. 

Where high-speed error detection 
and correction are essential, the Z8065 
Burst Error Processor (Z-BEP) offers a 
choice of four selectable industry- 
standard polynomials and three correc- 
tions algorithms. It is effective for data 
rates of up to 20M bits per second. If 
encryption or decryption of data 1s 
necessary, the Z8068 Data Ciphering 
Processor (Z-DCP) supports three stan- 
dard ciphering options and key parity 
check. It can also input, output, and 
encipher simultaneously. To perform 
high-speed arithmetic now, the Z8070 
Floating Point Emulation Package (with 
IEEE P754 Standard format) can be 
implemented with any Z8000 micro- 
processor. Later this software package 
will be replaceable by the Z8070 
Floating Point Arithmetic Processing 
Unit itself. 


Z8001/2 
Z8000™ CPU Central 
Processing Unit 


Product 


Uf 


iP LJ a 
Zilog Specification 
June 1982 
Features m Regular, easy-to-use architecture ™ Resource-sharing capabilities for multi- 
m@ Instruction set more powerful than many processing systems 
minicomputers @ Multi-programming support 
@ Directly addresses 8M bytes @ Compiler support 
m Fight user-selectable addressing modes @ Memory management and protection provid- 
m Seven data types that range from bits to ed by 28010 Memory Management Unit 
32-bit long words and byte and word strings @ 32-bit operations, including signed multiply 
m System and Normal operating modes and divide 
m Separate code, data and stack spaces @ Z-BUS compatible 
@ Sophisticated interrupt structure m 4, 6 and 10 MHz clock rate 
General The Z8000 is an advanced high-end 16-bit struction; multiprocessing by a combination of 
Description microprocessor that spans a wide variety of ap- instruction and hardware features; and com- 
plications ranging from simple stand-along pilers by multiple stacks, special instructions 
computers to complex parallel-processing and addressing modes. 
systems. Essentially a monolithic minicomputer 
central processing unit, the Z8000 CPU is 
characterized by an instruction set more 
powerful than many minicomputers; abundant iia 
resources in registers, data types, addressing 
modes and addressing range; and a regular READIWKITE 
architecture that enhances throughouput by NORMAL/SYSTEM 
avoiding critical bottlenecks such as implied or BYTE/WORD 
dedicated registers. STATUS BAT Bua 
CPU resources include sixteen 16-bit 
general-purpose registers, seven data types 
that range from bits to 32-bit long words and 
byte and word strings, and eight user- 
selectable addressing modes. The 110 distinct contol 
instruction types can be combined with the 
various data types and addressing modes to Z onror — \ 7 S8003 
form a powertul set of 414 instructions. epee 
Moreover, the instruction set is regular; most | 
instructions can use any of the five main ad- a SUMNER | 
dressing modes and can operate on byte, word | 
and long-word data types. Be | 
The CPU can operate in either the system or mneees | 
normal modes. The distinction between these eaner 7 
two modes permits privileged operations, fe 
thereby improving operating system organiza- 
tion and implementation. Multiprogramming is it GONE ICLIC RESET 
supported by the “atomic’’ Test and Set 1n- 
Figure 1. Z8000 CPU Pin Functions 
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General The Z8000 CPU is offered in two versions: memory-management device is offered for the 
Description the Z8001 48-pin segmented CPU and the Z8001. The Z8010 Memory Management Unit 
(Continued) 28002 40-pin non-segmented CPU. The main manages the large address space by providing 
difference between the two is in addressing features such as segment relocation and 
range. The Z8001 can directly address 8 mega- memory protection. The Z8001 can be used 
bytes of memory; the Z8002 directly addresses with or without the Z8010. If used by itself, the 
64 kilobytes. The two operating modes- system Z8001 still provides an 8 megabyte direct 
and normal-and the distinction between code, addressing range, extendable to 48 megabytes. 
data and stack spaces within each mode allows The Z8001, Z8002 and Z8010 are fabricated 
memory extension up to 48 megabytes for the with high-density, high-performance scaled 
Z8001 and 384 kilobytes for the Z8002. n-channel silicon-gate depletion-load tech- 
To meet the requirements of complex, nology, and are housed in dual in-line 
memory-intensive applications, a companion packages. 
Register The Z8000 CPU is a register-oriented and 3). For byte operations, the first eight 


Organization machine that offers sixteen 16-bit general- 


purpose registers and a set of special system 
registers. All general-purpose registers can be 
used as accumulators and all but one as index 
registers or memory pointers. 

Register flexibility is created by grouping 
and overlapping multiple registers (Figures 2 
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Figure 2. Z8001 General-Purpose Registers 
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16-bit registers (RO...R7) are treated as sixteen 
8-bit registers (RLO, RHO, ... , RL7, RH7). The 
sixteen 16-bit registers are grouped in pairs 
(RRO ... RR14) to form 32-bit long-word 
registers. Similarly, the register set is grouped 
in quadruples (RQO ... RQ12) to form 64-bit 


registers. 
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Figure 3. Z8002 General-Purpose Registers 


Stacks 


The Z8001 and Z8002 can use stacks located 
anywhere in memory. Call and Return instruc- 
tions as well as interrupts and traps use im- 
plied stacks. The distinction between normal 
and system stacks separates system information 
from the application program information. Two 
stack pointers are available: the system stack 
pointer and the normal stack pointer. Because 
they are part of the general-purpose register 


group, the user can manipulate the stack 
pointers with any instruction available for 
register operations. 

In the Z8001, register pair RR14 is the 
implied stack pointer. Register R14 contains 
the 7-bit segment number and R15 contains the 
16-bit offset. In the Z8002, register R15 1s the 
implied 16-bit stack pointer. 
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Refresh 


The Z8000 CPU contains a counter that can 
be used to automatically refresh dynamic 
memory. The refresh counter register consists 
of a 9-bit row counter, a 6-bit rate counter and 
an enable bit (Figure 4). The 9-bit row counter 
can address up to 256 rows and is incremented 
by two each time the rate counter reaches end- 
of-count. The rate counter determines the time 
between successive refreshes. It consists of a 
programmable 6-bit modulo-n prescaler 


(n = 1 to 64), driven at one-fourth the CPU 
clock rate. The refresh period can be program- 
med by 1 to 64 ws with a 4 MHz clock. Refresh 
can be disabled by programming the refresh 
enable/disable bit. 
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Figure 4. Refresh Counter 


Program This group of status registers contains the status group consists of four words: a two-word 
Status program counter, flags and control bits. When program counter, the flag and control word, 
Information an interrupt or trap occurs, the entire group is and an unused word reserved for future use. 
saved and a new program status group is Seven bits of the first PC word designate one 
loaded. of the 128 memory segments. The second word 
Figure 5 illustrates how the program status supplies the 16-bit offset that designates a 
groups of the Z8001 and Z8002 differ. In the memory location within the segment. 
non-segmented Z8002, the program status With the exception of the segment enable bit 
group consists of two words: the program in the Z8001 program status group, the flags 
counter (PC), and the flag and control word and control bits are the same for both CPUs. 
(FCW). In the segmented Z8001, the program 
CPCCA PCAC PSE) | YC) PY CES CIES | 
EN NNN cd ease 
Fe a ces ee ee en oe ee Z8002 Program Status Registers 
COUNTER 
Z8001 Program Status Registers 
28002 Program Sate Are Ponte 
Z8001 Program Status Area Pointer 
Figure 5. Z8000 CPU Special Registers 
Interrupt The Z8000 provides a very flexible and terrupts is: internal traps, non-maskable inter- 
and Trap powerful interrupt and trap structure. Inter- rupt, segmentation trap, vectored interrupt 
Structure rupts are external asynchronous events requir- and non-vectored interrupt. 


ing CPU attention, and are generally triggered 
by peripherals needing service. Traps are syn- 
chronous events resulting from the execution 
of certain instructions. Both are processes in a 
similar manner by the CPU. 

The CPU supports three types of interrupts 
(non-maskable, vectored and non-vectored) 
and four traps (system call, Extended Process 
Architecture, privileged instructions and 
segmentation trap). The vectored and non- 
vectored interrupts are maskable. Of the four 
traps, the only external one is the segmenta- 
tion trap, which 1s generated by the Z8010. 

The remaining traps occur when instructions 
limited to the system mode are used in the nor- 
mal mode, or as a result of the System Call in- 
struction, or for an EPA instruction. The 
descending order of priority for traps and in- 


When an interrupt or trap occurs, the cur- 
rent program status 1s automatically pushed on 
the system stack. The program status consists 
of the processor status (PC and FCW) plus a 
16-bit identifier. The identifier contains the 
reason or source of the trap or interrupt. For 
internal traps, the identifier is the first word of 
the trapped instruction. For external traps or 
interrupts, the identifier is the vector on the 
data bus read by the CPU during the 
interrupt-acknowledge or trap-acknowledge 
cycle. 

After saving the current program status, the 
new program status 1s automatically loaded 
from the program status area in system 
memory. This area 1s designated by the pro- 
gram status area pointer (PSAP). 
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Data 
Types 


Z8000 instructions can operate on bits, BCD 
digits (4 bits), bytes (8 bits), words (16 bits), 
long words (32 bits) and byte strings and word 
strings (up to 64 kilobytes long), and word str- 
ings (up to 64 kilobytes long). Bits can be set, 
reset and tested; digits are used in BCD 
arithmetic operations; bytes are used for 
characters or small integer values; words are 
used for integer values, instructions and non- 
segmented addresses; long words are used for 


long integer values and segmented addresses. 
All data elements except strings can reside 
either in registers or memory. Strings are 
stored 1n memory only. 

The basic data element is the byte. The 
number of bytes used when manipulating a 
data element is either implied by the operation 
or - for strings and multiple register opera- 
tions - explicitly specified in the instruction. 


‘Segmentation 
and Memory 
Management 


High-level languages, sophisticated operat- 
ing systems, large programs and data bases, 
and decreasing memory prices are all ac- 
celerating the trend toward larger memory re- 
quirements in microcomputer systems. The 
Z8001 meets this requirement with an eight 


megabyte addressing space. This large address 
space is directly accessed by the CPU using a 
segmented addressing scheme and can be 
managed by the Z8010 Memory Management 
Unit. 


Segmented 
Addressing 


A segmented addressing space - compared 
with linear addressing - is closer to the way a 
programmer uses memory because each pro- 
cedure and data space resides in its own seg- 
ment. The 8 megabytes of Z8001 addressing 
space 1s divided into 128 relocatable segments 
up to 64 kilobytes each. A 23-bit segmented 
address uses a 7-bit segment address to point 
to the segment, and a 16-bit offset to address 
any location relative to the beginning of the 
segment. The two parts of the segmented ad- 
dress may be manipulated separately. The 
segmented Z8001 can run any code written for 
the non-segmented Z8002 in any one of its 128 
segments, provided it 1s set to the non- 
segmented mode. 


In hardware, segmented addresses are con- 
tained in a register pair or long-word memory 
location. The segment number and offset can 
be manipulated separately or together by all 
the available word and long-word operations. 

When contained in an instruction, a 
segmented address has two different represen- 
tations: long offset and short offset. The long 
offset occupies two words, whereas the short 
offset requires only one and combines in one 
word the 7-bit segment number with an 8-bit 
offset (range 0-256). The short offset mode 
allows very dense encoding of addresses and 
minimizes the need for long addresses re- 
quired by direct accessing of this large ad- 
dress space. 


Memory 
Management 


The addresses manipulated by the program- 
mer, used by instructions and output by the 
Z8001 are called Jogica/ addresses. The 
Memory Management Unit takes the logical 
addresses and transforms them into the 
physical addresses required for accessing the 
memory (Figure 6). This address transforma- 
tion process is called relocation. Segment 
relocation makes user software addresses inde- 
pendent of the physical memory so the user is 
freed from specifying where information is 
actually located in the physical memory. 

The relocation process is transparent to user 
software. A translation table in the Memory 
Management Unit associates the 7-bit segment 
number with the base address of the physical 
memory segment. The 16-bit offset is added to 
the physical base address to obtain the actual 
physical address. The system may dynamically 
reload translation tables as tasks are created, 
suspended or changed. 

In addition to supporting dynamic segment 
relocation, the Memory Management Unit also 
provides segment protection and other seg- 
ment management features. The protection 
features prevent illegal uses of segments, such 
as writing into a write-protected zone. 

Each Memory Management Unit stores 64 
segment entries that consist of the segment 


base address, its attributes, size and status. 
Segments are variable in size from 256 bytes to 
64 kilobytes in increments of 256 bytes. Pairs 
of Management Units support the 128 segment 
numbers available for each of the six CPU 
address spaces. Within an address space, 
several Management Units can be used to 
create multiple translation tables. 
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Figure 6. Logical-to-Physical Address 
Transformation 
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Extended 


The Zilog Extended Processing Architecture 


Z8000 CPU to accommodate up to four Extend- 


Processing (EPA) provides an extremely flexible and ed Processing Units (EPUs), which perform 
Architecture modular approach to expanding both the hard- specialized functions in parallel with the CPU's 
ware and software capabilities of the Z8000 main instruction execution stream. 

CPU. Features of the EPA include: The use of extended processors to boost the 

@ Specialized instructions for external proc- main CPU's performance capability has been 
essors or software traps may be added to proven with large mainframe computers and 
CPU instmicton set. minicomputers. In these systems, specialized 

functions such as array processing, special 

7 paket thr sacha the gieaien by hiss input/output processing, and data communica- 
uP a ee eee external processors in tions processing are typically assigned to 
parallel with the extended processor hardware. These extended 

@ Permits modular design of Z8000-based processors are complex computers in their own 
systems. right. 

™ Provides easy management of multiple The Zilog Extended Processing Architecture 
microprocessor configurations via “single combines the best concepts of these Ses 
instructions eiream | communication. performance boosters with the latest in high- 

density MOS integrated-circuit design. The 

@ Simple interconnection between extended result is an elegant expansion of design 
processing units and 28000 CPU requires no capability—a powerful microprocessor 
additional external supporting logic. architecture capable of connecting single-chip 

@ Supports debugging of suspect hardware EPUs that permits very effective parallel 
against proven software. processing and makes for a smoothly inte- 

m Standard feature on all Zilog 28000 CPUs. grated instruction stream from the Z8000 pro- 

oe — grammer’s point of view. A typical addition to 

Specific benefits include: the current Z8000 instruction set might be 

m EPUs can be added as the system grows and Floating Point Instructions. 
as EPUs with specialized functions are The Extended Processing Units connect 
developed. directly to the Z8000 BUS (Z-BUS) and con- 

m Control of EPUs is accomplished via a tinuously monitor the CPU instruction stream. 
i aglednetruchon -aimeani” inthe 26000 When an extended instruction is detected, the 
CPU, eliminating many significant system appropriale EPU resp onds, obtaining 
software and bus contention management placing data or status information on the 
obstacles that occur in other multiprocessor shia ghia ve de ee ae 

e.g., master-slave) organization sch : ; ermane aah 
e.g porganizan eee The Z8000 CPU is responsible for instructing 
The processing power of the Zilog Z8000 the EPU and delivering operands and data to 

16-bit microprocessor can be boosted beyond it. The EPU recognizes instructions intended 
its intrinsic capability by Extended Processing for it and executes them, using data supplied 

Architecture. Simply stated, EPA allows the 
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Figure 7. Typical Extended Processor Configuration 
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Extended 
Processing 
Architecture 
(Continued) 


with the instruction and/or data within its inter- 
nal registers. There are four classes of EPU 
instructions: 


m Data transfers between main memory and 
EPU registers 


m Data transfers between CPU registers and 
EPU registers 


m@ EPU internal operations 


@ Status transfers between the EPUs and the 
Z8000 CPU Flag and Control Word register 
(FCW) 


Four Z8000 addressing modes may be utilized 
with transfers between EPU registers and the 
CPU and main memory: 


@ Register 

@ Indirect Register 
m@ Direct Address 
@ Indexed 


In addition to the hardware-implemented 
capabilities of the Extended Processing 
Architecture, there is an extended instruction 
trap mechanism to permit software simulation 
of EPU functions. A control bit in the Z8000 
FCW register indicates whether actual EPUs 
are present or not. If not, when an extended 
instruction is detected, the Z8000 traps on the 
instruction, so that a software “trap handler’ 
can emulate the desired EPU function—a very 
useful development tool. The EPA software 
trap routine supports the debugging of suspect 
hardware against proven software. This feature 
will increase in significance as designers 
become familiar with the EPA capability of the 


EPA TRAP 
SERVICE 
ROUTINE 


Z8000 CPU. 

This software trap mechanism facilitates the 
design of systems for later addition of EPUs: 
initially, the extended function is executed as a 
trap subroutine; when the EPU is finally 
attached, the trap subroutine is eliminated and 
the EPA control bit is set. Application software 
is unaware of the change. 

Extended Processing Architecture also offers 
protection against extended instruction over- 
lapping. Each EPU connects to the Z8000 CPU 
via the STOP line so that if an EPU is 
requested to perform a second extended 
instruction function before it has completed the 
previous one, it can put the CPU into the 
Stop/Refresh state until execution of the 
previous extended instruction is complete. 

EPA and CPU instruction execution are 
shown in Figure 8. The CPU begins operation 
by fetching an instruction and determining 
whether it is a CPU or an EPU command. The 
EPU meanwhile monitors the Z-BUS for its own 
instructions. If the CPU encounters an EPU 
command, it checks to see whether an EPU is 
present; if not, the EPU may be simulated by 
an EPU instruction trap software routine; if an 
EPU is present, the necessary data and/or 
address 1s placed on the Z-BUS. If the EPU is 
free when the instruction and data for it 
appear, the extended instruction is executed. 
If the EPU is still processing a previous 
instruction, it activates the CPU’s STOP line to 
lock the CPU off at the Z-BUS until execution 
is complete. After the instruction is finished, 
the EPU deactivates the STOP line and CPU 


transactions continue. 
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Figure 8. EPA and Z8000 CPU Instruction Execution 
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Addressing 
Modes 


The information included in Z8000 instruc- 
tions consists of the function to be performed, 
the type and size of data elements to be 
manipulated and the location of the data 
elements. Locations are designated by register 
addresses, memory addresses or I/O 
addresses. The addressing mode of a given 
instruction defines the address space it refer- 
ences and the method used to compute the 
address itself. Addressing modes are explicitly 


specified or implied by the instruction. 


Mode 


Register 


Immediate 


Indirect 
Register 


Direct 
Address 


Index 


Relative 
Address 


Base 
Address 


Base 
Index 


2045-0285 


In the Instruction 


BASE ADDRESS (+) 


Operand Addressing 


In a Register 


OPERAND 


ADDRESS 


PC VALUE 


we BASE ADDRESS Ce 


a BASE ADDRESS 2 
DISPLACEMENT (+) 


In Memory 


OPERAND 


OPERAND 


OPERAND 


OPERAND 


OPERAND 


OPERAND 


Figure 9. Addressing Modes 


Figure 4 illustrates the eight addressing 
modes: Register (R), Immediate (IM), Indirect 
Register (IR), Direct Address (DA), Indexed 
(X), Relative Address (RA), Base Address (BA) 
and Base Indexed (BX). In general, an ad- 
dressing mode explicitly specifies either 
register address space or memory address 
space. Program memory address space and 
I/O address space are usually implied by the 
instruction. 


Operand Value 


The content of the 
register 


In the instruction 


The content of the location 
whose address is in the 
register 


The content of the location 
whose address is in the 
instruction 


The content of the location 
whose address is the 
address in the instruction, 
offset by the content of 
the register 


The content of the location 
whose address is the 
content of the program 
counter, offset by the 
displacement in the 
instruction 


The content of the location 
whose address is the 
address in the register, 
offset by the displacement 
in the instruction 


The content of the location 
whose address is the 
address in the register, 
offset by the displace- 
ment in the register 
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Two types of I/O instructions are available: 
standard and special. Each has its own address 
space. The I/O instructions include a compre- 
hensive set of In, Out and Block I/O instruc- 
tions for both bytes and words. Special I/O in- 
structions are used for loading and unloading 
the Memory Management Unit. The status in- 
formation distinguishes between standard and 
special I/O references. 


A set of I/O instructions performs 8-bit or, 
16-bit transfers betwen the CPU and I/O 
devices. I/O devices are addressed with a 
16-bit I/O port address. The I/O port address 
is similar to a memory address; however, I/O 
address space need not be part of the memory 
address space. I/O port and memory addresses 
coexist on the same bus lines and they are 
distinguished by the status outputs. 


Input/ 
Output 


Multi-Micro- 


Multi-microprocessor systems are supported 


Multi-microprocessor systems are supported 


Processor in hardware and software. A pair of CPU pins in software by the instructions Multi-Micro Re- 
Support is used in conjunction with certain instructions guest, Test Multi-Micro In, Set Multi-Micro 
to coordinate multiple microprocessors. The Out and Reset Multi-Micro Out. In addition, 
Multi-Micro Out pin issues a request for the the eight megabyte CPU address space is 
resource, while the Multi-Micro In pin is used beneficial in multiple microprocessor systems 
to recognize the state of the resource. Thus, that have large memory requirements. 
any CPU in a multiple microprocessor system 
can exclude all other asynchronous CPUs from 
a critical shared resource. 
Instruction The Z8000 provides the following types of m Bit Manipulation 
Saraaiey instructions: m Rotate and Shift 
m@ Load and Exchange m Block Transfer and String Manipulation 
m@ Arithmetic g Input/Output 
m Logical mw CPU Control 
@ Program Control 
Load Clock Cycles* 
and Mnemonics Operands Addr. Word, Byte Long Word Operation 
Exchange Modes 
e NS SS_ SL NS SS SL 
CLR dst R 7 - - Clear 
CLRB IR 8 - - dst — 0 
DA ll 12 14 
X 12. 12 = 15 
EX R,src R 6 - - Exchange 
EXB IR 12. - - R = src 
D 15 16 18 
X 16 16 19 
LD R, src R 3 - = 5 = - Load into Register 
LDB IM z - - ll - ~ R = src 
LDL IM 5 (byte only) 
IR 7 - - 1] - - 
DA 9g 10 12 12 13> 15 
xX 10 10 = 13 is: Js: I6 
BA 14 ~ - 17 - ~ 
BX 14 - - lz - - 
LD dst, R IR 8 - ll - - Load into Memory (Store) 
LDB DA ll 12 14 14 Is 17 dst — R 
LDL Xx 1, 12 15 1S 15 18 
BA 14 - - 17 - - 
BX 14 - - 17 - - 
LD dst, IM IR fal - - Load Immediate into Memory 
LDB DA 14,18 117 dst — IM 
X 19 15 18 


* NS = Non-Segmented SS = Segmented Short Offset SL = Segmented Long Offset 
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Load and Clock Cycles 
Exchange 
oe Mnemonics Operands Addr. Word, Byte Long Word Operation 
(Continued) Mod 
odes NS SS. SL NS SS SL 
LDA R, src DA 2 “ae ES Load Address 
X 13 13 16 R + source address 
BA 15 = = 
BX 15 - - 
LDAR R, src RA 15 - ~ Load Address Relative 
R + source address 
LDK R, src IM 5 - - Load Constant 
Ro e-ne = 0.415) 
LDM R,sre,n IR 1] - - Load Multiple 
DA 14 15 17 +3n R + src (n consecutive words) 
X 15. 15. 18 Griese 1 ye 16) 
LDM dst,R,n IR | - - Load Multiple (Store Multiple) 
DA 14 15 17 +3n dst — R (n consecutive words) 
Xx 15 15 18 (n= 4)..22168) 
LDR R, sre RA 14 - - 17 ~ - Load Relative 
LDRB R + sre 
LDRL (range -32768.. +32767) 
LDR dst, R RA 14 - - 17 - - Load Relative (Store Relative) 
LDRB dst — R 
LDRL (range -32768 ... +32767) 
POP dst, IR R 8 = = i - ~ Pop 
POPL IR 12 - - 19 - - dst — IR 
DA 16 16 18 23 23 25 Autoincrement contents of R 
X 16 16 19 23 23 26 
PUSH IR, src R 9 - 7 12 - - Push 
PUSHL IM 12 - - - - ~ Autodecrement contents of R 
IR 13 - - 20 - - IR — src 
DA 14 14 #16 21 21 23 
X 14 14 #17 21 21 24 
Arithmetic ADC R, src R a - Add with Carry 
ADCB R —R + sre + carry 
ADD R, sre R 4 - - 8 - - Add 
ADDB IM 7 - 7 14 - - R +R + src 
ADDL IR 7 = - 14 - - 
DA 9 10 12 15 16 18 
X 1O. ‘IO is 16 16 19 
CP R,sre R 4 - - 8 - - Compare with Register 
CPB IM 7 - - 14 - 2 R - sre 
CPL IR 7 S - 14 - - 
DA Oo «10; 42 15 16 18 
X 10 10 #13 16 16 19 
CP dst, IM IR 1] - - Compare with Immediate 
CPB DA 14, 4S TY dst - IM 
X 15 15 18 
DAB dst R 5 - - Decimal Adjust 
DEC dst,n R 4 - - Decrement by n 
DECB IR ll - - dst + dst -n 
DA 13 14 ~=«#16 Cee L = 3, 16) 
X 14 14 17 
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Arithmetic Clock Cycles 
(Continued) Mnemonics Operands Addr. Word, Byte Long Word Operation 
Modes Ns ss SL NS SS SL 
DIV R, src R 107. - - 744 - - Divide (signed) 
DIVL IM 107. - - 744 - - Word: Ry+1 — Ron+)] + sre 
IR 107 107 107 744 744 744 Rn = remainder 
DA 108 109 111 745 746 748 Long Word: Ryn+2n+3  Rn...n+3 + sre 
X 109 109 112 746 746 749 Rn,n+] * remainder 
EXTS dst R ll - ~ 11 - - Extend Sign 
EXTSB Extend sign of low order half of dst 
EXTSL through high order half of dst 
INC dst, n R 4 - - Increment by n 
INCB IR ll - - dst — dst + n 
DA 13 14° #16 Gi 1.5016) 
X 14 14 17 
MULT R,src R 70 - - 282" - - Multiply (signed) 
MULTL IM 70 - - 282* - - Word: Ry n+] — Rn+] ¢ sre 
IR 70 - ~ 282* - - Long Word: R,  n4+3 —Rn+2, n+3 
DA 71 72 74 283* 284* 286* *Plus seven cycles for each | in the 
X 72 72 #475 284* 284* 287* multiplicand 
NEG dst R 7 - - Negate 
NEGB IR 12. s- - dst — 0 - dst 
DA 1S: 6~ 18 
X 16 16 19 
SBC R,src R 5 - - Subtract with Carry 
SBCB R + R - src - carry 
SUB R, src R 4 = ne 8 - = Subtract 
SUBB IM | - - 14 - - R — R- src 
SUBL IR 7 - - 14. - - 
DA 9 10 12 15 16 18 
X 10 10 13 16 16 19 
Logical AND R, sre R , a AND 
ANDB IM 7 - - R + R AND src 
IR - <3 - 
DA o 10 12 
X FO. 10: TS 
COM dst R 7 - - Complement 
COMB IR 12. - - dst + NOT dst 
DA 15 16 18 
xX 16 16 19 
OR R, src R 4 - - OR 
ORB IM 7 - - R + ROR sre 
IR 7 - - 
DA 9 10 12 
X 10. . JO I3 
TCC cc, dst R 5 - - Test Condition Code 
TCCB Set LSB if cc 1s true 
TEST dst R 7 - - TS. <= - Test 
TESTB IR 8 - - 130 O- - dst OR 0 
TESTL DA ll 12 14 16 17 #19 
X 12 12 «#15 17 17 20 
XOR R, sre R 4 - - Exclusive OR 
XORB IM 7 - - R =— R XOR src 
IR 7 - - 
DA 9 10 12 
X 10 10 13 
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Program 


Clock Cycles 


ntrol 
Contro Mnemonics Operands Addr. Word, Byte Long Word Operation 
Modes ws sS SL NS SS SL 
CALL dst IR 10 - es) Call Subroutine 
DA 1 |...’ 26 Autodecrement SP 
X 13. 18 = 2) @ SP — PC 
PC + dst 
CALR dst RA 10 - 15 Call Relative 
Autodecrement SP 
@ SP — PC 
PC + PC + dst (range -4094 to +4096) 
DJNZ R, dst RA 1] - - Decrement and Jump if Non-Zero 
DBJNZ R-+-R-1 
IfR #0: PC — PC + dst (range -254 to 0) 
IRET* - - I3 - 16 Interrupt Return 
PS + @ SP 
Autoincrement SP 
JP ce, dst IR 10 - 15 (taken) Jump Conditional 
IR yi - 7 (not taken) If cc is true: PC — dst 
DA 7 8 10 
X 8 8 ll 
JR cc, dst RA 6 - - Jump Conditional Relative 
If cc 1s true: PC — PC + dst 
(range -256 to +254) 
RET cc - 10 - 13 (taken) Return Conditional 
7 - i (not taken) If cc is true: PC — @ SP 
Autoincrement SP 
sc src IM 33 - 39 System Call 
Autodecrement SP 
@ SP -— old PS 
Push instruction 
PS =— System Call PS 
Bit BIT dst, b R 4 - 7 Test Bit Static 
Manipula- BITB IR 8 - - Z flag — NOT dst bit specified by b 
tion DA 10s 1] 13 
xX ia ll 14 
BIT dst, R R 10 - - Test Bit Dynamic 
BITB Z flag — NOT dst bit specified by 
contents of R 
RES dst, b R 4 - - Reset Bit Static 
RESB IR 1] - - Reset dst bit specified by b 
DA 13 14 =~ #16 
X 14 14 17 
RES dst, R R 10 - ~ Reset Bit Dynamic 
RESB Reset dst bit specified by contents R 
SET dst, b R 4 - - Set Bit Static 
SETB IR 1] - - Set dst bit specified by b 
DA 13. +14 =~ «#16 
X 14 14 #17 
SET dst, R R 10—éi- - Set Bit Dynamic 
SETB Set dst bit specified by contents of R 
TSET dst R Z - - Test and Set 
TSETB IR ll - - S flag — MSB of dst 
DA 4 725 17 dst + all ls 
X tS. 45). 16 
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Rotate Clock Cycles 
TL Mnemonics Operands Addr. Word, Byte Long Word Operation 
Modes Ns sS SL NS SS SL 
RL dst,n R 6forn = 1 Rotate Left 
RLB R 7forn = 2 by n bits (n = 1, 2) 
RLC dst, n R 6forn = 1 Rotate Left through Carry 
RLCB R 7forn =2 by n bits (n = 1, 2) 
RLDB R, src R - Rotate Digit Left 
RR dst, n R 6forn = ] Rotate Right 
RRB R 7forn = 2 by n bits (n = 1, 2) 
RRC dst, n R 6forn = 1 Rotate Right through Carry 
RRCB R 7forn = 2 by n bits (n = 1, 2) 
RRDB R, src R 9 = - Rotate Digit Right 
SDA dst, R R (15 + 3n) (15 + 3n) Shift Dynamic Arithmetic 
SDAB Shift dst left or right 
SDAL by contents of R 
SDL dst, R R (15 + 3n) (15 + 3n) Shift Dynamic Logical 
SDLB Shift dst left or right 
SDLL by contents of R 
SLA dst,n R (13 + 3n) (13 +3 n) Shift Left Arithmetic 
SLAB by n bits 
SLAL 
SLL dst,n R (13 + 3n) (13 + 3n) Shift Left Logical 
SLLB by n bits 
SLLL 
SRA dst,n R (13 + 3n) (13 + 3n) Shift Right Arithmetic 
SRAB by n bits 
SRAL 
SRL dst, n R (13 + 3n) (13 + 3n) Shift Right Logical 
SRLB by n bits 
SRLL 
Block CPD Rx, sre, Ry, cc IR 20. - - Compare and Decrement 
Transfer CPDB Ry - sre 
and String Autodecrement src address 
Manipula- Ry -— Ry -1 
tion 
CPDR Rx, src, Ry, cc IR (11 + 9n) Compare, Decrement and Repeat 
CPDRB Ry - src 
Autodecrement src address 
Ry - Ry - 1 
Repeat until cc 1s true or Ry = 0 
CPI Ry, ere, Hy; ec IR 20 - - Compare and Increment 
CPIB Rx - sre 
Autoincrement src address 
Ry - Ry - 1 
CPIR Ry, sre, Ry, cc IR (11 + 9n) Compare, Increment and Repeat 
CPIRB Ry - sre 
Autoincrement src address 
Ry ~ Ry -1 
Repeat until cc 1s true or Ry = 0 
CPSD dst, src, R,cc IR 29. 4 - Compare String and Decrement 
CPSDB dst - src 
Autodecrement dst and src addresses 
R+R-1 
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Block Transfer 
and String 
Manipulation 
(Continued) 


Clock Cycles 


Mnemonics Operands Addr. Word, Byte Long Word 
Modes Ns ss SL NS SS SL 

CPSDR dst, src, R, cc IR (11 + 14n) 

CPSDRB 

CPSI dst, src, R, cc IR 25 = 2 

CPSIB 

CPSIR dst, src, R,cc IR (11 + 14n) 

CPSIRB 

LDD dst, src, R IR 20 ~ _ 

LDDB 

LDDR dst, src, R IR (11 + 9n) 

LDDRB 

LDI dst, src, R IR 20 - - 

LDIB 

LDIR dst, src, R IR (11 + Qn) 

LDIRB 

TRDB dst, src, R IR 25 - - 

TRDRB dst, src, R IR (11 + 14n) 

TRIB dst, src, R IR 25 - - 

TRIRB dst, src, R IR (1] + 14n) 

TRTDB srcl,src2,R IR 25 - - 


Operation 


Compare String, Decr. and Repeat 
dst - src 

Autodecrement dst and src addresses 
R+-R-] 


Repeat until cc is true or R = 0 


Compare String and Increment 

dst - src 

Autoincrement dst and src addresses 
R-R- 1} 


Compare String, Incr. and Repeat 


dst - sre 

Autoincrement dst and src addresses 

R+R- 1 

Repeat until cc is true or R = 0 Ra 
re] 

Load and Decrement S 

dst — src = 

Autodecrement dst and src addresses NS 

R+-R-1 @e 
| 

Load, Decrement and Repeat CG 

dst — src 

Autodecrement dst and src addresses 

R+-R-] 


Repeat until R = 0 


Load and Increment 

dst — src 

Autoincrement dst and src addresses 
R-—R-1 


Load, Increment and Repeat 

dst + src 

Autoincrement dst and src addresses 
R+R-] 

Repeat until R = 0 


Translate and Decrement 
dst — src (dst) 
Autodecrement dst address 
R-R-1]1 


Translate, Decrement and Repeat 
dst — src (dst) 

Autodecrement dst address 
R+R-1]1 

Repeat until R = 0 


Translate and Increment 
dst — src (dst) 
Autoincrement dst address 
R-R-1] 


Translate, Increment and Repeat 
dst — src (dst) 

Autoincrement dst address 
R+-R-1] 

Repeat until R = O 


Translate and Test, Decrement 
RH1 = src 2 (src 1) 
Autodecrement src 1 address 
R+-R-1] 
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Block Transfer Clock Cycles 


one S mang: Mnemonics Operands Addr. 
Manipulation Modes 


(Continued) 


Word, Byte Long Word Operation 
NS SS SL NS SS_ SL 


TRTDRB 


TRTIB 


TRTIRB 


srcl,src2,R 


srcl,src2,R 


srcl,src2,R 


IR 


IR 


IR 


(11 + 14n) 


25 


(11 + 14n) 


Translate and Test, Decr. and Repeat 
RH1 = src 2 (sre 1) 

Autodecrement src | address 
R+-R-1 

Repeat until R = 0 or RH] = 0 


Translate and Test, Increment 
RH1 = sre 2 (src 1) 
Autoincrement src 1 address 


R-R-1 


Translate and Test, Incr. and Repeat 
RH1 = src 2 (src 1) 

Autoincrement src 1 address 
R+R-1 

Repeat until R = 0 or RH] = 0 


Input/ 
Output 


IN* 
INB* 


IND* 
INDB* 


INDR* 


INDRB* 


INI* 
INIB* 


INIR* 
INIRB* 


OUT* 
OUTB* 


OUTD* 
OUTDB* 


OTDR* 
OTDRB* 


OUTI* 
OUTIB* 


OTIR* 
OTIRB* 


R, src 


dst, src, R 


dst, src, R 


dst, src, R 


dst, src, R 


dst, R 


dst, src, R 


dst, src, R 


dst, src, R 


dst, src, R 


IR 


IR 


IR 


IR 
DA 


IR 


IR 


IR 


(11 + 10n) 


Bi: 2 


(11 + 10n) 


— 
NO 
| 
I 


(11 + 10n) 


1 gi 1s 


(11 + 10n) 


*Privileged instructions Executed in system mode only 


Input 
R — src 


Input and Decrement 

dst = src 

Autodecrement dst address 
R+R-1 


Input, Decrement and Repeat 
dst — src 

Autodecrement dst address 
R+R-1 

Repeat until R = 0 


Input and Increment 

dst + src 

Autoincrement dst address 
R-R-1 


Input, Increment and Repeat 
dst + src 

Autoincrement dst address 
R-R-1 

Repeat until R = 0 


Output 
dst — R 


Output and Decrement 
dst + src 
Autodecrement src address 


R+-R-1 


Output, Decrement and Repeat 
dst — src 

Autodecrement stc address 
R+-R-1]1 

Repeat until R = 0 


Output and Increment 
dst + src 
Autoincrement src address 


R-R-1 


Output, Increment and Repeat 
dst — src 

Autoincrement src address 
R+-R- 1] 

Repeat unthl R = 0 
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Input/Output Clock Cycles 
(Continued) Mnemonics Operands Addr. Word, Byte Long Word Operation 
Modes Ns ss sL NS SS SL 
SIN* R, src DA 120 - Special Input 
SINB* R = sre 
SIND* dst, src, R IR 21 zs Special Input and Decrement 
SINDB* dst — src 
Autodecrement dst address 
R-R-1 
SINDR* dst, src, R IR (11 + 10 n) Special Input, Decrement and Repeat 
SINDRB* dst — src 
Autodecrement dst address 
R+-R-1 
Repeat until R = 0 
SINI* dst, src, R IR 21 - Special Input and Increment 
SINIB* dst — src 
Autoincrement dst address 
R-R-1 
SINIR* dst, src, R IR (11 + 10 n) Special Input, Increment and Repeat 
SINIRB* dst — src 
Autoincrement dst address 
R-R-1 
Repeat until R = 0 
SOUT* dst, src DA 120 - Special Output 
SOUTB* dst + src 
SOUTD* dst, src, R IR Zi - Special Output and Decrement 
SOUTDB* dst -— src 
Autodecrement src address 
R-R-1 
SOTDR* dst, src, R IR (11 + 10 n) Special Output, Decr. and Repeat 
SOTDRB* dst — src 
Autodecrement src address 
R-R-1 
Repeat until R = 0 
SOUTI* dst, src, R IR eal - Special Output and Increment 
SOUTIB* dst + src 
Autoincrement src address 
R-R-1 
SOTIR* dst, src, R R (11 + 10 n) Special Output, Incr. and Repeat 
SOTIRB* dst — src 
Autoincrement src address 
R-R-1 
Repeat until] R = 0 
CPU COMFLG flags - 7 - Complement Flag 
Control (Any combination of C, Z, 5, P/V) 
DI* int - 7 - Disable Interrupt 
(Any combination of NVI, VI) 
EI* int - 7 - Enable Interrupt 
(Any combination of NVI, VI) 
HALT* 7 - (8 + 3n) HALT 
LDCTL* CTLR, src R 2 Load into Control Register 
CTLR <= src 
LDCTL* dst, CTLR R 7 - Load from Control Register 


“Privileged instructions Executed in system mode only 


dst — CTLR 
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CPU Clock Cycles 
t 
eee d) Mnemonics Operands Addr. Word, Byte Long Word Operation 
Modes Ns sS SL NS SS SL 
LDCTLB FLGR, src R 7 - - Load into Flag Byte Register 
FLGR = sre 
LDCTLB dst, FLGR R 7 - - Load from Flag Byte Register 
dst ~— FLGR 
LDPS* src IR 12 - 16 Load Program Status 
DA 16 20 22 PS = src 
X Ie... .20). 23 
MBIT* - - 7 - ~ Test Multi-Micro Bit 
Set S if My 1s Low; reset S 1f My 1s High. 
MREQ* dst R (12 + 7n) Multi-Micro Request 
MRES* - ~ 5 - - Multi-Micro Reset 
MSET * - - 5 - - Multi-Micro Set 
NOP - - 7 - - No Operation 
RESFLG flag - 7 - - Reset Flag 
(Any combination of C, Z, 5S, P/V) 
SETFLG flag - 7 - ~ Set Flag 
(Any combination of C, Z, 5, P/V) 
*Privileged instructions Executed in system mode only 
Condition Code Meaning Flag Settings CC Field 
Codes Always false 0000 
Always true - 1000 
vA Zero it 0110 
NZ Not zero Li '0 1110 
Cc Carry Ce] 0111 
NC No Carry CKe0 1111 
PL Plus oS =U 1101 
MI Minus eae | 0101 
NE Not equal eZ =0 1110 
EQ Equal ae | 0110 
OV Overflow P/V = 1 0100 
NOV No overflow, P/V = 0 1100 
PE Parity 1s even P/V Sr) 0100 
PO Parity 1s odd P/V = 0 1100 
GE Greater than or equal (signed) (S XOR P/V) = 0 1001 
LT Less than (signed) (S XOR P/V) = 1 0001 
GT Greater than (signed) [Z OR (S XOR P/V)] = 0 1010 
LE Less than or equal (signed) [Z OR (S XOR P/V)] = 1 0010 
UGE Unsigned greater than or equal C70 1111 
ULT Unsigned less than Ce] 0111 
UGT Unsigned greater than [((C = 0) AND (Z = 0)] = 1 1011 
ULE Unsigned less than or equal (COR 7) =. 0011 
Note that some condition codes have identical flag settings and binary fields in the instruction: 
Z = EQ, NZ = NE, C = ULT, NC = UGE, OV = PE, NOV = PO 
Status ST3-STg Definition ST3-STo Definition 
Code 
Lines 0000 Internal operation 1000 Data memory request 
0001 Memory refresh 1001 Stack memory request 
0010 I/O reference 1010 Data memory request (EPU) 
OO I Special I/O reference (e.g., to an MMU) 1011 Stack memory request (EPU) 
0100 Segment trap acknowledge 1100 Program reference, nth word 
0101 Non-maskable interrupt acknowledge ba) t Instruction fetch, first word 
0110 Non-vectored interrupt acknowledge 1110 Extension processor transfer 
0111 Vectored interrupt acknowledge i a Reserved 
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Pin 
Description 


ADj-AD 5. Address/Data (inputs/outputs, 
active High, 3-state). These multiplexed 
address and data lines are used both for I/O 
and to address memory. 


AS. Address Strobe (output, active Low, 
3-state). The rising edge of AS indicates 
addresses are valid. 


BUSACK. Bus Acknowledge (output, active 
Low). A Low on this line indicates the CPU has 
relinquished control of the bus. 


BUSREQ. Bus Request (input, active Low). 
This line must be driven Low to request the 
bus from the CPU. 


B/W. Byte/Word (output, Low = Word, 
3-state). This signal defines the type of memory 
reference on the 16-bit address/data bus. 


CLK. System Clock (input). CLK is a 5V 
single-phase time-base input. 


DS. Data Strobe (output, active Low, 3-state). 
This line times the data in and out of the CPU. 


MREQ. Memory Requesi (output, active Low, 
3-state). A Low on this line indicates that the 
address/data bus holds a memory address. 


M,. Mo. Multi-Micro In, Multi-Micro Out 
(input and output, active Low). These two lines 
form a resource-request daisy chain that allows 
one CPU in a multi-microprocessor system to 
access a shared resource. 


NMI. Non-Maskable Interrupt (edge triggered, 
input, active Low). A high-to-low transition on 
NMI requests a non-maskable interrupt. The 


ADo LJ 1 ADs 
ADg |_| 2 SNe 
ADio L_] 3 SNs 
ADi; LJ 4 AD; 
ADy2 Le! 5 ADs 
ADi3 [_] 6 AD, 
STOP LJ 7 SNg 
M, LJ 8 ADs 
AD,s5 LJ 9 AD; 
AD44 {Jj 10 AD2 
+5V Ly 11 AD, 

Vi LJ 12 3 SN2 
Nvi LJ 13 GND 
SEGT {J 14 CLOCK 

NMI LJ 15 AS 
RESET [J 16 RESERVED 
Mo LJ 17 BIW 
MREQ 311 J NS 
DS 30 |_| RW 


291 | BUSACK 
ST2 287 | WAIT 
27 |_| BUSREQ 
ST 261 TSNo 
SN3 25 L_ISN, 


NMI interrupt has the highest priority of the 
three types of interrupts. 


N/S. Normal/System Mode (output, Low = 
System Mode, 3-state). N/S indicates the CPU 


is in the normal or system mode. 


NVI. Non-Vectored Interrupt (input, active 
Low). A Low on this line requests a non- 
vectored interrupt. 


RESET. Reset (input, active Low). A Low on 
this line resets the CPU. 


R/W. Read/Write (output, Low = Write, 
3-state). R/W indicates that the CPU is reading 
from or writing to memory or I/O. 


SEGT. Segment Trap (input, active Low). The 
Memory Management Unit interrupts the CPU 
with a Low on this line when the MMU detects 
a segmentation trap. Input on Z8001 only. 


SNo-SNg. Segment Number (outputs, active 

High, 3-state). These lines provide the 7-bit 

segment number used to address one of 128 

segments by the Z8010 Memory Management 
Unit. Output by the Z8001 only. 


STo-ST3. Status (outputs, active High, 3-state). 
These lines specify the CPU status (see table). 


STOP. Stop (input, active Low). This input can 
be used to single-step instruction execution. 


VI. Vectored Interrupt (input, active Low). A 
Low on this line requests a vectored interrupt. 


WAIT. Wait (input, active Low). This line 
indicates to the CPU that the memory or I/O 
device is not ready for data transfer. 


Reserved. Do not connect. 


ADo 
ADs 
AD, 
ADs 
AD, 
AD; 
AD; 
AD2 
AD, 
GND 
CLOCK 
AS 
RESERVED 


1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 


— 
dD 


2045-0286, 0287 
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28000 The Z8000 CPU executes instructions by 

CPU stepping through sequences of basic machine 

Timing cycles, such as memory read or write, I/O 
device read or write, interrupt acknowledge, 
and internal execution. Each of these basic 
cycles requires three to ten clock cycles to 
execute. Instructions that require more clock 
cycles to execute are broken up into several 
machine cycles. Thus no machine cycle is 
longer than ten clock cycles and fast response 
to a Bus Request is guaranteed. 

The instruction opcode is fetched by a 
normal memory read operation. A memory 
refresh cycle can be inserted just after the 
completion of any first instruction fetch (IF) 
cycle and can also be inserted while the 
following instructions are being executed: 
MULT, MULTL, DIV, DIVL, HALT, all Shift 


instructions, all Block Move instructions, and 
the Multi-Micro Request instruction (MREQ). 

The following timing diagrams show the 
relative timing relationships of all CPU signals 
during each of the basic operations. When a 
machine cycle requires additional clock cycles 
for CPU internal operation, one to five clock 
cycles are added. Memory and I/O read and 
write, as well as interrupt acknowledge cycles, 
can be extended by activating the WAIT input. 
For exact timing information, refer to the com- 
posite timing diagram. 

Note that the WAIT input is not synchronized 
in the Z8000 and that the setup and hold times 
for WAIT relative to the clock must be met. If 
asynchronous WAIT signals are generated, 
they must be synchronized with the CPU clock 
before entering the Z8000. 


Memory 
Read and 
Write 


Memory read and instruction fetch cycles 
are identical, except for the status information 
on the STo9-ST3 outputs. During a memory 


Tj 


a 
CLOCK & 


WAIT 


STATUSES 
(BIW, NIS, 


SNo-SNe 


read cycle, a 16-bit address is placed on the 


ADo-ADjs5 outputs early in the first clock 
period, as shown in Figure 12. (In the Z8001, 


T3 


— 


INSERTS WAIT STATE 
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Figure 12. Memory Read and Write Timing 
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Memory the 7-bit segment number is output on wait cycle, and additional wait states can be 


Read and SNo-SNg one clock period earlier than the inserted. This allows interfacing slow 
Write 16-bit address offset to compensate for the memories. No control outputs change during 
(Continued) delay in the memory management circuitry.) wait states. 

A valid address is indicated by the rising Although Z8000 memory is word organized, 
edge of Address Strobe. Status and mode memory is addressed as bytes. All instructions 
information become valid early in the memory are word-aligned, using even addresses. 
access cycle and remain stable throughout. Within a 16-bit word, the most significant byte 
The state of the WAIT input is sampled in the (Dg-D)5) is addressed by the low-order address 
middle of the second clock cycle by the falling (Ag = Low), and the least significant byte 
edge of Clock. If WAIT is Low, an additional (Do-D7) is addressed by the high-order 
clock period is added between T2 and T3. address (Ap = High). 

WAIT is sampled again in the middle of this 
Input/ I/O timing is similar to memory read/write Both the segmented Z8001 and the non- 
Output timing, except that one wait state is automat- segmented Z8002 use 16-bit I/O addresses. 


ically inserted between Tz and T3 (Figure 13). 


a A, 


STATUSES 
(BIW, STo-ST3) | 


NIS 


AD | ( 
INPUT > PORT ADDRESS DATA IN 

DS 
INPUT 


Riw 
INPUT 
AD | 
OUTPUT PORT ADDRESS DATA OUT 


DS 
OUTPUT 


RIW 
OUTPUT 
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Figure 13. Input/Output Timing 


2045-0289 143 


Add 2/1008Z 


Interrupt and 
Segment 
Trap Request 
and 
Acknowledge 


CLOCK 


WAIT 


The Z8000 CPU recognizes three interrupt 
inputs (non-maskable, vectored and non- 
vectored) and a segmentation trap input. Any 
High-to-Low transition on the NMI input is 
asynchronously edge detected and sets the 
internal NMI latch. The VI, NVI and 
SEGT inputs as well as the state of the internal 
NMI latch are sampled at the beginning of T3 
in the last machine cycle of any instruction. 

In response to an interrupt or trap, the sub- 
sequent IF; cycle 1s exercised, but ignored. 
The internal state of the CPU is not altered and 
the instruction will be refetched and executed 
after the return from the interrupt routine.The 
program counter is not updated, but and the 
system stack pointer 1s decremented in 
preparation for pushing starting information 
onto the system stack. 

The next machine cycle is the interrupt 


INSTRUCTION 
~t——————- FETCH IF, 
(ABORTED) 
Ty eocccecses T7 1 Te 


CYCLE OF ANY 
INSTRUCTION 


LAST MACHINE 


Nh T2 Ts 


SAMPLE 


RIW | / 


ST9-ST3 IF, 


MREQ 


acknowledge cycle. This cycle has five 
automatic wait states, with additional wait 
states possible, as shown in Figure 14. 

After the last wait state, the CPU reads the 
information on ADo-ADjs and stores it tem- 
porarily, to be saved on the stack later in the 
acknowledge sequence. This word identifies 
the source of the interrupt or trap. For the 
non-vectored and non-maskable interrupts, all 
16 bits can represent peripheral device status 
information. For the vectored interrupt, the 
low byte is the jump vector, and the high byte 
can be extra user status. For the segmentation 
trap, the high byte 1s the Memory Management 
Unit identifier and the Jow byte 1s undefined. 

After the acknowledge cycle, the N/S output 
indicates the automatic change to system 
mode. 


ACKNOWLEDGE 
CYCLE 


AUTOMATIC WAIT STATES 


Twa Twa Twa Twa Twa T3 Ts Ts 


IDENTIFIER 


Figure 14. Interrupt and Segment Trap Request/Acknowledge Timing 


INTERNAL 
NMI 
Status 
Saving 
Sequence 


The machine cycles following the interrupt 
acknowledge or segmentation trap acknow!l- 
edge cycle push the old status information on 
the system stack (Figure 12) 1n the following 
order: the 16-bit program counter; the 7-bit 
segment number (Z8001 only); the flag control 


word; and finally the interrupt/trap identifier. 
Subsequent machine cycles fetch the new pro- 
gram status from the program status area, and 
then branch to the interrupt/trap service 
routine. 


Bus Request 
Acknowledge 
Timing 


A Low on the BUSREO input indicates to the 
CPU that another device is requesting the 
Address/Data and Control buses. The asyn- 
chronous BUSREO input is synchronized at the 
beginning of any machine cycle (Figure 15). If 


BUSREO 1s Low, an internal synchronous 
BUSREO signal 1s generated, which-after com- 
pletion of the current machine cycle-causes 
the BUSACK output to go Low and all bus out- 
puts to go into the high-impedance state. The 


2045-0290 


STATUS 
SAVING 


Bus Request/ requesting device-typically a DMA-can then BUSACK output goes High one clock period 
Acknowledge control the bus. later, indicating that the CPU will again take 
(Continued) When BUSREO 1s released, it 1s synchron- control of the bus. 

ized with the rising clock edge and the 


ANY M CYCLE <—_—___——BUS AVAILABLE 
Ty; Te T3 
CLOCK (®) we on oe oe F) 
—_ a, 
INTERNAL \\ 
BUSREQ 


BUSACK 


MREQ, DS, \/ 
_ STo-STa, } a+ ee SAME AS PREVIOUS CYCLE 
BIW, RIW, NIS f\ 


Figure 15. Bus Request/Acknowledge Timing 


Stop The STOP input is sampled by the last falling subsequent instruction fetch is postponed until 
clock edge immediately préceeding any IF STOP is sampled High.This refresh operation 
cycle (Figure 16) and before the second word does not use the refresh prescaler or its divide- 
of an EPA instruction is fetched. If STOP is by-four clock prescaler; rather, it double- 
found Low between the IF cycle, a stream of increments the refresh counter every three 
memory refresh cycles is inserted after T3, clock cycles. When STOP is found High again, 
again sampling the STOP input on each falling the next refresh cycle 1s completed, any 
clock edge in the middle of the T3 states. Dur- remaining T states of the IF; cycle are then 
ing the EPA instruction, both EPA instruction executed and the CPU continues its operation. 


words are fetched but any data transfer or 


IF, 


Pee ee oe ee 
Ts T2 Ts Trp Tor Tar Tir Tar Tar Ts Ts 


CLOCK 


ee \ fA FX 
( ( REFRESH c REFRESH = 
AD Pc - ADDRESS 2" — ADDRESS 


INSTRUCTION 


HIGH 


Figure 16. Stop Timing 
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Internal Certain extended instructions, such as clock cycles long (Figure 17). This allows fast 


Operation Multiply and Divide, and some special instruc- response to Bus Request and Refresh Request, 
tions need additional time for the execution of because bus request or refresh cycles can be 
internal operations. In these cases, the CPU inserted at the end of any internal machine 
goes through a sequence of internal operation cycle. 


machine cycles, each of which is three to eight 


CLOCK 


STo-ST3 


MREQ, DS, RIW 


BIW 


nis SAME AS PREVIOUS CYCLE 


Figure 17. Internal Operation Timing 


Memory When the 6-bit prescaler in the refresh always incremented by two, thus stepping 
Refresh counter has been decremented to zero, a through 256 consecutive refresh addresses on 
refresh cycle consisting of three T-states is AD,-ADg. Unless disabled, the presettable 
started as soon as possible (that is, after the prescaler runs continuously and the delay in 
next IF; cycle or Internal Operation cycle). starting a refresh cycle is therefore not 
The 9-bit refresh counter value is put on the cumulative. 
low-order side of the address bus (ADo-ADg); While the STOP input is Low, a continuous 
ADg-ADj5 are undefined (Figure 18). Since stream of memory refresh cycles, each three 
the memory is word-organized, Apo is always T-states long, is executed without using the 
Low during refresh and the refresh counter is refresh prescaler. 


Ts Tz Ts 


CLOCK = - = 


le 
; Siggy Sear: Earns 
pete 
ae aa ae 


RIW, BIW, nal Faker ol SAME AS PREVIOUS CYCLE 


Figure 18. Memory Refresh Timing 
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Halt 


A HALT instruction executes an unlimited 
number of 3-cycle internal operations, 
inter-spersed with memory refresh cycles 
whenever requested. An interrupt, segmenta- 
tion trap or reset are the only exits from a 
HALT instruction. 


The CPU samples the VI, NVI, NMI and 
SEGT inputs at the beginning of every T3 
cycle. If an input 1s found active during two 
consecutive samples, the subsequent IF cycle 
is exercised, but ignored, and the normal 
interrupt acknowledge cycle 1s started. 


Reset 


A Low on the RESET input causes the follow- 
ing results within five clock cycles (Figure 19): 


m ADo-ADjs5 are 3-stated 


m AS, DS, MREQ, STo-ST3) 
BUSACK and MO are forced High 


@ SNo-SN¢ are forced Low 
@ Refresh is disabled 
mw B/W, B/W and N/S are not affected 
When RESET has been High for three clock 


periods, two consecutive memory read cycles 


BIW 


_ aR Si 


ALL HIGH 


are executed in the system mode. In the Z8001, 
the first cycle reads the flag and control word 
from location 0002, the next reads the 7-bit 
program counter segment number from loca- 
tion 0004, the next reads the 16-bit PC offset 
from location 0006, and the following IF] cycle 
starts the program. In the Z8002, the first cycle 
reads the flag and control word from location 
0002, the next reads the PC from location 
0004, and the following IF cycle starts the 
program. 


Figure 19. Reset Timing 
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This composite timing dia- 
gram does not show actual 
timing sequences Refer to 
this diagram only for the 
detailed timing relationships 
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of individual edges Use the 
preceding illustrations as an 
explanation of the various 
timing sequences 


v 


vv 


-@-| -@> High Low 
Pascal El ia Clock 4 0V 0 8V 
|p Output 20V 0 BV 
row 


made at the following 
icc: voltages 
4 


Input 2 0V 0 8V 
Float AV +0 5V 


ll Tels 


¥ 


| 


7 
a 
a 
; Timing measurements are 
Ea 


cl 
I 


CT A 


af | 


Fi lee 7 


774 
ele 
ler 

a 
iz 


148 


2045-0296 


Z8001/Z8002 
Number Symbol Parameter Min Max Min 
] TcC Clock Cycle Time 250 2000 165 
2 TwCh Clock Width (High) 105 2000 70 
3 TwCl Clock Width (Low) 105 2000 70 
4 TiC Clock Fall Time 20 
5 TrC ———— Clock Rise Time 20 
6 TdC(SNv) Clock t to Segment Number Valid 130 
(50 pF load) 
7 TdC(SNn) Clock t to Segment Number Not Valid 20 10 
8 TdC(Bz) Clock tf to Bus Float 65 
9 TdC(A) Clock t to Address Valid 100 
10 ———— TdC(Az) Clock t to Address Float 65 
ll TdA(DR) Address Valid to Read Data Required Valid 475* 
12 TsDR(C) Read Data to Clock | Setup Time 30 20 
13 TdDS(A) DS t to Address Active 80* 45* 
14 TdC(DW) Clock 1 to Write Data Valid 100 
15——— ThDR(DS) Read Data to DS t Hold Time 0 0 
16 TdDW(DS) Write Data Valid to DS t Delay 295* 195* 
17 TdA(MR) Address Valid to MREQ } Delay 55 35" 
18 TdC(MR) Clock | to MREO ! Delay 80 
19 TwMRh MREO Width (High) 210* 135* 
20 ———— TdMR(A) MREQ } to Address Not Active -—_———_--—_—_—-70* 35* 
21 TdDW(DSW) Write Data Valid to DS } (Write) Delay 55" 35* 
22 TdMR(DR) MREQ } to Read Data Required Valid 3/5" 230* 
23 TdC(MR) Clock } MREQ t Delay 80 
24 TdC(ASf) Clock t to AS | Delay 80 
25 ——— TdA(AS) Address Valid to AS t Delay 55* 35* 
26 TdC(ASr) Clock } to AS t Delay 90 
27 TdAS(DR) AS t to Read Data Required Valid 360* 220* 
28 TdDS(AS) DS t to AS | Delay 70* 35* 
29 TwAS AS Width (Low) 85* 55" 
30 —— Td AS(A) AS t to Address Not Active Delay 70* 45* 
31 TdAz(DSR) Address Float to DS (Read) | Delay 0 0 
32 TdAS(DSR) AS f to DS (Read) | Delay 80* 55* 
33 TdDSR(DR) DS (Read) | to Read Data Required Valid 205* 130* 
34 TdC(DSr) Clock | to DS t Delay 70 
35 —— TdDS(DW)——— DS | to Write Data Not Valid 10 45* 
36 TdA(DSR) Address Valid to DS (Read) | Delay 180* 110* 
37 TdC(DSR) Clock t to DS (Read) | Delay 120 
38 TwDSR DS (Read) Width (Low) 275* 185* 
39 TdC(DSW) Clock | to DS (Write) | Delay 95 
40> TwDoW = DS (Wate) Width (Low) 188” 110* 
4) TdDSI(DR) DS (I/O) | to Read Data Required Valid 330* 210* 
42 TdC(DSf) Clock | to DS (I/O) } Delay 120 
43 TwDS DS (I/O) Width (Low) 410* 250° 
44 TdAS(DSA) AS t to DS (Acknowledge) | Delay 1065* 690* 
45 —— TdC(DSA) Clock 1! to DS (Acknowledge) |! Delay 120 
46 TdDSA(DR) DS (Acknowledge) | to Read Data 455* 295* 
Required Delay 
47 TdC(S) Clock ft to Status Valid Delay 110 
48 TdS(AS) Status Valid to AS t Delay 50* 30" 
49 TsR(C) RESET to Clock t Setup Time 180 70 
50 —— ThR(C) RESET to Clock f Hold Time 0 0 
51 TwNMI NMI Width (Low) 100 70 
52 TsNMI(C) NMI to Clock t Setup Time 140 70 
53 TsVI(C) VI, NVI to Clock t Setup Time 110 50 
54 ThVI(C) VI, NVI to Clock t Hold Time - 20 20 
55 TsSGT(C) ——— SEGT to Clock t Setup Time 70 55 
56 ThSGT(C) SEGT to Clock t Hold Time 0 0 
57 TsMI(C) MI to Clock 1 Setup Time 180 140 
58 ThMI(C) MI to Clock ! Hold Time 0 0 
59 TdC(MO) Clock f to MO Delay 120 
60 TsSTP(C) STOP to Clock |} Setup Time 140 100 
61 ThSTP(C) STOP to Clock |} Hold Time 0 0 
62 TsW(C) WAIT to Clock |! Setup Time 50 30 
63 Thw(C) WAIT to Clock | Hold Time 10 10 
64 TsBRO(C) BUSREO to Clock t Setup Time 90 80 
65 ThBRQ(C)——— BUSREOQ to Clock t Hold Time 10 10 
66 TdC(BAKr) Clock t to BUSACK ft Delay 100 
67 TdC(BAKf) Clock t to BUSACK |! Delay 100 
68 TwA Address Valid Width 150* 95* 
69 TdDS(S) DS t to STATUS Not Vahd 80* 55° 


Max 
2000 
2000 
2000 

10 


15 
110 


5o 
75 
55 
305* 


75 


70 


60 
60 


80 


65 


85 
80 


90 


85 


85 


85 


75 
yi) 


Min 


100 
40 
40 


Z8001A/Z8002A Z8001B/Z8002Bt 


Max 
2000 


10 
10— 
70 


40 

50 

40— 
180* 


50 


40 


45 
40 


40 


60 


70 


*Clock-cycle-time-dependent characteristics See table on following page. 


t Units in nanoseconds (ns) All timings are preliminary. 
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Number Symbol 


Z8001/Z8002 
Equation 


1] TdA(DR) 2TcC + TwCh - 130 ns 
13 TdDS(A) TwCl - 25 ns 

16 TdDW(DS) TcC + TwCh - 60 ns 
17 TdA(MR) TwCh ~- 50 ns 
19——— TwMRh —-———- TcC - 40 ns 

20 TdMR(A) TwCl - 35 ns 

21 TdDW(DSW) TwCh - 50 ns 

22 TdMR(DR) 2TcC - 130 ns 

25 TdA(AS) TwCh - 50 ns 
21 TAAS(DR) == 2G. = 140 ‘ns 

28 TdDS(AS) TwCl - 35 ns 

29 TwAS TwCh - 20 ns 

30 TdAS(A) TwCl - 35 ns 

32 TdAS(DSR) TwCl - 25 ns 


33-—— TdDSR(DR) 


35 TdDS(DW) TwCl - 30 ns 

36 TdA(DSR) TcC - 70 ns 

38 TwDSR TcC + TwCh - 80 ns 
40 TwDSW TcC - 65 ns 

41——— TdDSI(DR) ——— 2TcC - 170 ns 

43 TwDS 2TcC - 90 ns 


44 TdAS(DSA) 4TcC + TwCl - 40 ns 


46 TdDSA(DR) 


48 TdS(AS) TwCh - 55 ns 
68——- TwA TcC - 90 ns 
69 TdDS(s) TwCl - 25 ns 


TcC + TwCh - 150 ns———— 


2TcC + TwCh - 150 ns 


Z8001A/Z8002A 


Equation 
2TcC + TwCh - 95 ns 
TWCl - 25 ns 
TeC + TwCh - 40 
TwCh - 35 ns 
TcC - 30 ns 
TwCl - 35 ns 
TwCh - 35 ns 
2TcC - 100 ns 
TwCh - 35 ns 
2TcC - 110 ns 
TwCl - 35 ns 
TwCh - 15 ns 
TwCl - 25 ns 
TwCl - 15 ns 
TcC + TwCh - 105 ns 
TwCl - 25 ns 
TcC - 55 ns 
TcC + TwCh - 50 ns 
TcC - 55 ns 
2TcC - 120 ns 
2TcC - 75 ns 
4TcC + TwCl - 40 ns 
2TcC + TwCh - 105 ns 
TwCh - 40 ns 
TcC - 70 ns 
TwCl - 15 ns 


Z8001B/Z8002B 
Equation 
2TcC + TwCh - 60 ns 
TwCl - 20 ns 
TcC + TwCh - 30 ns 
TwCh - 20 ns 
TcC - 20 ns 
TwCl - 20 ns 
TwCh - 25 ns 
2TcC - 60 ns 
TwCh - 20 ns 
2TcC - 60 ns 
TwCl - 25 ns 
TwCh - 10 ns 
TwCl - 20 ns 
TwCl - 10 ns 
TcC + TwCh - 70 ns 
TwCl - 15 ns 
TcC - 35 ns 
TcC + TwCh - 30 ns 
TcC - 25 ns 
2TcC - 80 ns 
2TcC - 40 ns 
4TcC + TwCl - 30 ns 
2TcC + TwCh - 75 ns 
TwCh - 30 ns 
TcC - 50 ns 
TwCl - 10 ns 
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Absolute 


Voltages on all inputs and outputs 


Stresses greater than those listed under Absolute Maxi- 


Maximum with respect toGND.......... -0.3Vto +7.0V mum Ratings may cause permanent damage to the device. 
Ratings : This 1s a stress rating only, operation of the device at any 
g Operating Ambient condition above those indicated in the operational sections 
Temperature........ See Ordering Information of these specifications 1s not implied. Exposure to absolute 
axlmum rating conditions for extended periods affect 
Storage Temperature........ -65°C to +150°C a eee ara recy er 
Test The characteristics below apply for the +5V 
Conditions following test conditions, unless otherwise se 
noted. All voltages are referenced to GND 
egies ‘ FROM OUTPUT 
(0 V). Positive current flows into the refer- UNDER TEST 
enced pin. Available operating temperature 
ranges are: 100 pF rr 
m@S* = 0°C to +70°C, | 
+4.75 Vs Voo 5 +5.25V S 
m E* = —40°C to +85°C, 
+4.75 V < Voc = +5.25V All ac parameters assume a total load 
2 ae 7 capacitance (including parasitic capacitances 
mM* = -55°C to +125°C, . ae . 
445 V eV. < 4+85V of 100 pF max, except for parameter 6 (50 pF 
' = Veo SP 9: max). Timing references between two output 
See Ordering Information sechion for package signals assume a load difference of 50 pF max. 
temperature range and product number. 
DC Symbol Parameter Min Max Unit Condition 
Character- Vou Clock Input High Voltage Vec-0.4 Vec+0.3 Vv Driven by External Clock 
istics Generator 
VcL Clock Input Low Voltage -0.3 0.45 V Driven by External Clock 
Generator 
Vin Input High Voltage 2.0 Veco +0.3 V 
VIH RESET Input High Voltage on RESET 2.4 Voc to .3 V 
pin 
VIL Input Low Voltage -0.3 0.8 V 
VoH Output High Voltage 2.4 V Ioy = -250 pA 
VOL Output Low Voltage 0.4 V Io, = +2.0 mA 
In Input Leakage +10 pA 0.4 < Vin s +2.4V 
lin SEGT Input Leakage on SEGT pin — 100 100 pA 
lo. Output Leakage +10 pA 0.4 < Vin s +2.4V 
Ioc Vec Supply Current 300 mA 
& 
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Ordering Product Package/ Product Package/ 
Information Number Temp Speed Description Number Temp Speed Description 
Z8001 CE 4.0 MHz CPU (segmented, Z8002 DS 4.0 MHz CPU (nonseg- 
48-pin) mented, 40-pin) 
Z8001 CM 4.0 MHz Same as above Z8002 PE 4.0 MHz Same as above 
Z8001 CMB 4.0 MHz Same as above Z8002 PS 4.0 MHz Same as above 
Z800]1 CS 4.0 MHz Same as above Z8002A CE 6.0 MHz Same as above 
Z8001 DE 4.0 MHz Same as above Z8002A CM 6.0 MHz Same ag above 
Z8001 DS 4.0 MHz Same as above Z8002A CMB 6.0 MHz Same as above 
Z8001 PE 4.0 MHz Same as above Z8002A es) 6.0 MHz Same as above 
Z8001 PS 4.0 MHz Same as above Z8002A DE 6.0 MHz Same as above 
Z8001 A CE 6.0 MHz Same as above Z8002A DS 6.0 MHz Same as above 
Z8001A CS 6.0 MHz Same as above Z8002A PE 6.0 MHz Same as above 
Z8001A DE 6.0 MHz Same as above Z8002A PS 6.0 MHz Same as above 
Z8001A DS 6.0 MHz Same as above Z8002B CE 10.0 MHz Same as above 
Z8001 A PE 6.0 MHz Same as above Z8002B CM 10.0 MHz Same as above 
Z8001 A PS 6.0 MHz Same as above Z8002B CMB 10.0 MHz Same as above 
Z8002 CE 4.0 MHz CPU (nonseg- Z8002B eS 10.0 MHz Same as above 
mented, 40-pin) 78002B DE 10.0MHz Same as above 
28002 CM 4.0 MHz Same as above Z8002B DS 10.0 MHz Same as above 
28002 CMB 4.0MHz — Same as above 78002B PE 10.0MHz Same as above 
28002 CS 4.0MHz — Same as above 78002B PS 10.0MHz Same as above 
Z8002 DE 4.0 MHz Same as above 


*“NOTES C = Ceramic, D = Cerdip, P = Plastic, E = -40°C to +85°C, M = -55°C to +125°C, MB = -55°C to +125°C with 
MIL-STD-883 with Class B processing, S = 0°C to + 70°C 
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Features 


Description 


@ Binary, function, and pin compatibility with 
the Z8001/2 microprocessors. 


m@ Designed-in compatibility with present and 
future Zilog Memory Management Units 


(MMUs). 
@ Operates with up to a 10 MHz clock. 


The Z8003/4 Virtual Memory Processor Unit 
(VMPU), a 16-bit MOS microprocessor, offers 
integral provisions for operation in a virtual 
memory environment, in addition to the 
features of the Z8001 CPU. The Z8003 VMPU 
generates 23-bit addresses. The address space 
is organized into 128 segments, each up to 64K 
bytes in length. The Z8004 generates 16-bit ad- 
dresses. The Z8003/4 VMPU addressing 
scheme distinguishes between memory space 
for program, data, and stack in each of two 
modes, System and Normal. 

For use in shared-memory multiprocessor 
systems, the Z8003/4 VMPU provides an output 
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TIMING 


ADDRESS/ 


STATUS DATA BUS 


BUS 
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Figure 1. Pin Assignments 


Z8003/4 Z8000" VMPU 
Virtual Memory 
Processing Unit 


Product 
Brief 


June 1982 


@ Status lines indicate the read/write phase of 
the Test and Set instruction for use in 
multiprocessor systems. 


@ 23-bit segmented addresses for Z8003. 
m@ 16-bit non-segmented addresses for Z8004. 


on the status lines (STo-ST3), indicating the 
read/write phase of the Test and Set (TSET) 
instruction. This status output can be used 
externally for arbitration of bus control. 

In a virtual memory environment, the pro- 
grams and data being operated on need not 
reside simultaneously in main memory. Thus, 
provision must be made for retrieving parts of 
a program or data located in “secondary” 
storage (such as a disk). Attempts by the 
microprocessor to access instructions or data 
not in main memory are called “accesses to 
nonresident data.’’ When this is done, the 
transaction accessing the nonresident data 
must be interrupted, the state of the 
microprocessor saved, the program or data in 
secondary storage moved to main memory, the 
state of the microprocessor restored, and the 
interrupted instruction restarted. 

The Z8003/4 VMPU provides an external 
abort pin to permit the interruption of instruc- 
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Description 
(Continued) 


tion execution before the instruction com- 
pletes. 

When the Z8003/4 VMPU is used in a 
multiprocessor system, there may be dual- 
ported memories used by the processors. In 
this type of system, a resources manager arbi- 
trates simultaneously attempted accesses to 
shared resources. When a processor tests to 


see if a resource is 1n use, the read/write por- 
tion of the test transaction must not be inter- 
rupted or the probability of a collision 
increases greatly. The Z8003/4 VMPU provides 
features that help to avoid collisions during 
accesses to shared resources via the enhanced 
TSET instruction. 


Functional 
Description 


‘SAT 


The Z8003/4 VMPU can operate in a virtual 
memory environment. The virtual memory 
capability is provided by an instruction abort 
function on pin 33 of the Z8003 and on pin 28 
of the Z8004. When this pin WAIT, and SAT 
are activated at the same time, an instruction 
abort sequence begins. This abort sequence 
leaves the VMPU in a well-defined state, allow- 
ing a software recovery. To make this recovery 
smoothly, the software must know which 
instruction was aborted and how much of the 
instruction was executed. Figure 3 shows the 
timing sequence for the abort function. Figure 
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Figure 3. Instruction Abort Timing 
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4 shows the sequence of hardware and soft- 
ware events that occurs when an instruction is 
aborted. 

During the read phase of the TSET 
instruction on the Z8003/4 VMPU, the status 
lines ST9-ST3 are all set to 1s. On the Z8001/2 
all 1s on the status lines is a reserved status 
encoding. 

The Z8003/4 VMPU is compatible with the 
Z8000 Family of microprocessor and peripheral 
devices. Instruction set and bus transaction 
protocols of the VMPU can be found in the 
Z8000 CPU Technical Manual (document 
number 00-2010-C). The VMPU enhance- 
ments are described in the VMPU Product 


Specitication. 
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Figure 4. Instruction Abort Function Flow 


Summary 


The Zilog VMPU is the first 16-bit 
microprocessor that offers integral provision 
for operation in a virtual memory environment. 
The upward compatibility of the VMPU with 


the Z8001/2 CPU means that applications soft- 
ware developed for a Z8001/2 CPU will 
execute directly on the VMPU, preserving 
investments in software and development tools. 
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Product 


é LI a a 
Zilog Specification 
June 1982 
Features m@ Dynamic segment relocation makes software m@ 64 variable-sized segments from 256 to 
addresses independent of physical memory 65,536 bytes can be mapped into a total 
addresses. physical address space of 16M bytes; all 64 
@ Sophisticated memory-management features segments are randomly accessible. 
include access validation that protects @ Multiple MMUs can support several transla- 
memory areas from unauthorized or tion tables for each Z8001/3 address space. 
Uniatennene) enmui and a write-warning m MMU architecture supports multi-program- 
indicator that predicts stack overflow. 
ming systems and virtual memory implemen- 
@ For use with both Z8001 and Z8003 CPU. babione. 
General The Z8010 Memory Management Unit (MMU) located in the physical memory. It also pro- 
Description manages the large 8M byte addressing spaces vides a flexible, efficient method for support- 
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of the Z8001 CPU. The MMU provides dynamic 
segment relocation as well as numerous 
memory protection features. 

Dynamic segment relocation makes user soft- 
ware addresses independent of the physical 
memory addresses, thereby freeing the user 
from specifying where information is actually 
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Figure 1. Pin Functions 


ing multi-programming systems. The MMU 
uses a translation table to transform the 23-bit 
logical address output from the Z8001 CPU 
into a 24-bit address for the physical memory. 
(Only logical memory addresses go to an MMU 
for translation; I/O addresses and data, in 
general, must by pass this component.) 
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Figure 2. Pin Assignments 


General 
Description 
(Continued) 
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Memory segments are variable in size from 
256 bytes to 64K bytes, in increments of 256 
bytes. Pairs of MMUs support the 128 segment 
numbers available for the various Z8001 CPU 
address spaces. Within an address space, any 
number of MMUs can be used to accommodate 
multiple translation tables for System and Nor- 
mal operating modes, or to support more 
sophisticated memory-management systems. 

MMU memory-protection features safeguard 
memory areas from unauthorized or unin- 
tended access by associating special access 
restrictions with each segment. A segment 1s 
assigned a number of attributes when its 
descriptor is entered into the MMU. When a 
memory reference is made, these attributes are 
checked against the status information sup- 
plied by the Z8001/3 CPU. If a mismatch oc- 
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curs, a trap 1s generated and the CPU 1s inter- 
rupted. The CPU can then check the status 
registers of the MMU to determine the cause. 

Segments are protected by modes of permit- 
ted use, such as read only, system only, 
execute only and CPU-access only. Other seg- 
ment management features include a write- 
warning zone useful for stack operations and 
status flags that record read or write accesses 
to each segment. 

The MMU 1s controlled via 22 Special I/O 
instructions from the Z8000 CPU in System 
mode. With these instructions, system software 
can assign program segments to arbitrary 
memory locations, restrict the use of segments 
and monitor whether segments have been read 
or written. 
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Figure 3. The shaded areas in these block diagrams illustrate the resources used in the two modes of MMU operation. In 
the Address Translation Mode shown on the left, addresses are translated automatically. In the Command Mode shown 
on the right, specific registers are accessed using Special I/O commands. 
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A segmented addressing space—compared 
with linear addressing—1s closer to the way a 
programmer uses memory because each pro- 
cedure and data set can reside in its own 
segment. 

The 8M byte Z8001 addressing spaces are 
divided into 128 relocatable segments of up to 
64K bytes each. A 23-bit segmented address 
uses a /7-bit segment address to point to the 
segment, and a 16-bit offset to address any 
byte relative to the beginning of the segment. 
The two parts of the segmented address may 
be manipulated separately. 

The MMU divides the physical memory into 
256-byte blocks. Segments consist of physically 
contiguous blocks. Certain segments may be 
designated so that writes into the last block 
generate a warning trap. If such a segment 1s 
used as a stack, this warning can be used to 
increase the segment size and prevent a stack 
overtlow error. 

The addresses manipulated by the program- 
mer, used by instructions and output by the 
Z8001 are called logical addresses. The MMU 
takes the logical addresses and transforms 
them into the physical addresses required for 
accessing the memory (Figure 4). This address 
transformation process is called relocation. 

The relocation process 1s transparent to user 
software. A translation table in the MMU 
associates the 7-bit segment number with the 
base address of the physical memory segment. 
The 16-bit logical address offset is added to the 
physical base address to obtain the actual 
physical memory location. Because a base 
address always has a low byte equal to zero, 


Each memory segment is assigned several 
attributes that are used to provide memory 
access protection. A memory request from the 
Z8001/3 CPU 1s accompanied by status infor- 
mation that indicates the attributes of the 
memory request. The MMU compares the 
memory request attributes with the segment 
attributes and generates a Trap Request 
whenever it detects an attribute violation. Trap 
Request informs the Z8001/3 CPU and the 
system control program of the violation so that 
appropriate action can be taken to recover. 
The MMU also generates the Suppress signal 
SUP in the event of an access violation. Sup- 
press can be used by a memory system to inhi- 
bit stores into the memory and thus protect the 
contents of the memory from erroneous 
changes. 

Five attributes can be associated with each 
segment. When an attempted access violates 
any one of the attributes associated with a seg- 
ment, a Trap Request and a Suppress signal 
are generated by the MMU. These attributes 
are read only, execute only, system access 
only, inhibit CPU accesses and inhibit DMA 
accesses. 


only the high-order 16 bits are stored in the 
MMU and used in the addition. Thus the low- 
order byte of the physical memory location is 
the same as the low-order byte of the logical 
address offset. This low-order byte therefore 
bypasses the MMU, thus reducing the number 
of pins required. 
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Figure 4. Logical-to-Physical Address Translation 


Segments are specified by a base address 
and a range of legal offsets to this base 
address. On each access to a segment, the off- 
set is checked against this range to insure that 
the access falls within the allowed range. If an 
access that lies outside the segment 1s attemp- 
ted, Trap Request and Suppress are generated. 

Normally the legal range of offsets within a 
segment is from 0 to 256N + 255 bytes, where 
O=<N<255. However, a segment may be 
specified so that legal offsets range from 256N 
to 65,535 bytes, where OS N<255. The later 
type of segment is useful for stacks since the 
Z8000 stack manipulation instructions cause 
stacks to grow toward lower memory locations. 
Thus when a stack grows to the limit of its 
allocated segment, additional memory can be 
allocated on the correct end of the segment. 
As an aid in maintaining stacks, the MMU 
detects when a write is performed to the lowest 
allocated 256 bytes of these segments and 
generates a Trap Request. No Suppress signal 
is generated so the write is allowed to proceed. 
This write warning can then be used to indi- 
cate that more memory should be allocated to 
the segment. 
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The MMU contains three types of registers: 
Segment Descriptor, Control and Status. A 
set of 64 Segment Descriptor Registers supplies 
the information needed to map logical memory 
addresses to physical memory locations. The 
segment number of a logical address deter- 
mines which Segment Descriptor Register is 
used in address translation. Each Descriptor 
Register also contains the necessary informa- 
tion for checking that the segment location 
referenced 1s within the bounds of the segment 
and that the type of reference is permitted. It 
also indicates whether the segment has been 
read or written. 

In addition to the Segment Descriptor 
Registers, the Z8010 MMU contains’ three 8-bit 
control registers for programming the device 
and six 8-bit status registers that record infor- 
mation in the event of an access violation. 


Segment Descriptor Registers. Each of the 64 
Descriptor Registers contains a 16-bit base 
address field, an 8-bit limit field and an 8-bit 
attribute field (Figure 5). The base address 
field 1s subdivided into high- and low-order 
bytes that are loaded one byte at a time when 
the descriptor is initialized. The limit field con- 
tains a value N that indicates N+1 blocks of 
256 bytes have been allocated to the segment. ”* 

The attribute field contains eight flags 
(Figure 6). Five are related to protecting the 
segment against certain types of access, one 
indicates the special structure of the segment, 
and two encode the types of accesses that have 
been made to the segment. A flag is set when 
its value is 1. The following brief descriptions 
indicate how these flags are used. 


Read-Only (RD). When this flag 1s set, the segment 1s read 
only and 1s protected against any write access. 


System-Only (SYS). When this flag is set, the segment can 
be accessed only in System mode, and 1s protected against 
any access in Normal mode. 


CPU-Inhibit (CPUI). When this flag 1s set, the segment 1s 
not accessible to the currently executing process, and is 
protected against any memory access by the CPU. The 
segment is, however, accessable under DMA. 


Execute-Only (EXC). When this flag 1s set, the segment 
can be accessed only during an instruction fetch or access 
by the relative addressing mode cycle, and thus 1s pro- 
tected against any access during other cycles. 


DMA-Inhibit (DMAI). When this flag 1s set, the segment 
can be accessed only by the CPU, and thus 1s protected 
against any access under DMA. 


Direction and Warning (DIRW). When this flag 1s set, the 
segment memory locations are considered to be organized 
in descending order and each write to the segment is 
checked for access to the last 256-byte block. Such an 
access generates a trap to warn of potential segment 
overflow, but no Suppress signal 1s generated. 


Changed (CHG). When this flag 1s set, the segment has 
been changed (written). This bit 1s set automatically during 
any write access to this segment 1f the write access does not 
cause any violation. 


Referenced (REF). When this flag 1s set, the segment has 
been referenced (either read or written). This bit is set 
automatically during any access to the segment if the 
access does not cause a violation. 


*In the stack mode, segment size 1s 64K-256N. 
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Figure 5. Segment Descriptor Registers 
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Figure 6. Attribute Field in Segment Descriptor Register 


Control Registers. The three user-accessible 
8-bit control registers in the MMU direct the 
functioning of the MMU (Figure 7). The Mode 
Register provides a sophisticated method for 
selectively enabling MMUs in multiple-MMU 
configurations. The Segment Address Register 
(SAR) selects a particular Segment Descriptor 
Register to be accessed during a control 
operation. The Descriptor Selection Counter 
Register points to a byte within the Segment 
Descriptor Register to be accessed during a 
control operation. 
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Figure 7. Control Registers 


The Mode Register contains a 3-bit 1den- 
tification field (ID) that distinguishes among 
eight enabled MMUs 1n a multiple-MMU con- 
figuration. This field is used during the seg- 
ment trap acknowledge sequence (refer to the 
section on Segment Trap and Acknowledge). 
In addition, the Mode Register contains five 
flags. 

Multiple Segment Table (MST). This flag indicates whether 
multiple segment tables are present 1n the hardware con- 
figuration. When this flag 1s set, more than one table 1s 


present and the N/S line must be used to determine 
whether the MMU contains the appropriate table. 


Normal Mode Select (NMS). This flag indicates whether 
the MMU 1s to translate addresses when the N/S line 1s 
High or Low. If the MST flag is set, the N/S line must 
match the NMS flag for the MMU to translate segment 
addresses, otherwise the MMU Address lines remain 
3-stated. 


158 


2046-030, 031 


MMU 
Register 
Organization 
(Continued) 


2046-032 


Upper Range Select (URS). This flag is used to indicate 
whether the MMU contains the lower-numbered segment 
descriptors or the higher-numbered segment descriptors. 
The most significant bit of the segment number must match 
the URS flag for the MMU to translate segment addresses, 
otherwise the MMU Address lines remain 3-stated 


Translate (TRNS). This flag indicates whether the MMU 1s 
to translate logical program addresses to physical memory 
locations or 1s to pass the logical addresses unchanged to 

the memory and without protection checking In the non- 

translation mode, the most significant byte of the output is 
the 7-bit segment number and the most significant bit 1s 0. 
When this flag 1s set, the MMU performs address transla- 

tion and attribute checking. 


Master Enable (MSEN). This flag enables or disables the 
MMU from performing its address translation and memory 
protection functions. When this flag 1s set, the MMU per- 
forms these tasks; when the flag 1s clear the Address lines 
of the MMU remain 3-stated. 


The Segment Address Register (SAR) points 
to one of the 64 segment descriptors. Control 
commands to the MMU that access segment 
descriptors implicitly use this pointer to select 
one of the descriptors. This register has an 
auto-incrementing capability so that multiple 
descriptors can be accessed in a block 
read/write fashion. 

The Descriptor Selection Counter Register 
holds a 2-bit counter that indicates which byte 
in the descriptor is being accessed during the 
reading or writing operation. A value of zero 
in this counter indicates the high-order byte of 
the base address field is to be accessed, one 
indicates the low-order byte of the base 
address, two indicates the limit field and three 
indicates the attribute field. 


Status Registers. Six 8-bit registers contain 
information useful in recovering from memory 
access violations (Figure 8). The Violation 
Type Register describes the conditions that 
generated the trap. The Violation Segment 
Number and Violation Offset Registers record 
the most-significant 15 bits of the logical 
address that causes a trap. The Instruction 
Segment Number and Offset Registers record 
the most-significant 15 bits of the logical 
address of the last instruction fetched before 
the first accessing violation. These two 
registers can be used in conjunction with 
external circuitry that records the low-order 
offset byte. At the time of the addressing viola- 
tion, the Bus Cycle Status Register records the 
bus cycle status (status code, read/write mode 
and normal/system mode). 

The MMU generates a Trap Request for two 
general reasons: either it detects an access 


violation, such as an attempt to write into a 
read-only segment, or it detects a warning 
condition, which 1s a write into the lowest 256 
bytes of a segment with the DIRW flag set. 
When a violation or warning condition is 
detected, the MMU generates a Trap Request 
and automatically sets the appropriate flags. 
The eight flags in the Violation Type Register 
describe the cause of a trap. 

Read-Only Violation (RDV). Set when the CPU attempts to 
access a read-only segment and the R/W line 1s Low. 


System Violation (SYSV). Set when the CPU accesses a 
system-only segment and the N/S line 1s High. 


CPU-Inhibit Violation (CPUIV). Set when the CPU 
attempts to access a segment with the CPU-:inhibit flag set. 


Execute-Only Violation (EXCV). Set when the CPU 
attempts to access an execute-only segment in other than 
an instruction fetch or load relative instructions cycle. 


Segment Length Violation (SLV). Set when an offset falls 
outside of the legal range of a segment. 


Primary Write Warning (PWW). Set when an access is 
made to the lowest 256 bytes of a segment with the DIRW 
flag set. 


Secondary Write Warning (SWW). Set when the CPU 
pushes data into the last 256 bytes of the system stack and 
EXCV, CPUIV, SLV, SYSV, RDV or PWW 1s set. Once this 
flag 1s set, subsequent write warnings for accessing the 
system stack do not generate a Segment Trap request. 


Fatal Condition (FATL). Set when any other flag in the 
Violation Type Register 1s set and either a violation 1s 
detected or a write warning condition occurs in Normal 
mode. This flag 1s not set during a stack push in System 
mode that results in a warning condition. This flag 
indicates a memory access error has occurred 1n the trap 
processing routine. Once set, no Trap Request signals are 
generated on subsequent violations. However, Suppress 
signals are generated on this and subsequent CPU viola- 
tions until the FATL flag has been reset. 
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The Z8010 MMU generates a Segment Trap 
when it detects an access violation or a 
write warning condition. In the case of an 
access violation, the MMU also activates Sup- 
press, which can be used to inhibit memory 
writes and to flag special data to be returned 
on a read access. Segment Trap remains Low 
until a Trap Acknowledge signal is received. If 
a CPU-generated violation occurs, Suppress 1s 
asserted for that cycle and all subsequent CPU 
instruction execution cycles until the end of 
the instruction. Intervening DMA cycles are 
not suppressed, however, unless they generate 
a violation. Violations detected during DMA 
cycles cause Suppress to be asserted during 
that cycle only—no Segment Trap Requests are 
ever generated during DMA cycles. 

Segment traps to the Z8001/3 CPU are han- 
dled similarly to other types of interrupts. To 
service a segment trap, the CPU issues a seg- 
ment trap acknowledge cycle. The acknow- 
ledge cycle is always preceded by an instruc- 
tion fetch cycle that 1s ignored (the MMU has 
been designed so that this dummy cycle is 
ignored). During the acknowledge cycle all 
enabled MMUs use the Address/Data lines to 
indicate their status. An MMU that has 
generated a Segment Trap Request outputs a 1 
on the A/D line associated with the number in 
its ID field; an MMU that has not generated a 
segment trap request outputs a O on its 
associated A/D line. A/D lines for which no 
MMU 1s associated remain 3-stated. During a 


Several features of the MMU can be used in 
conjunction with external circuitry to support 
virtual memory for the Z8001/3. Segment Trap 
Request can be used to signal the CPU in the 
event that a segment 1s not 1n primary memory. 
The CPU-Inhibit Flag can be used to indicate 
whether a segment is in the memory or 1n 


MMU architecture directly supports two 
methods for multiple MMU configurations. The 
first approach extends single-MMU capability 
for handling 64 segments to a dual-MMU con- 
figuration that manages the 128 different 
segments the Z8001/3 can address. This 
scheme uses the URS flag in the Mode Register 
in connection with the high-order bit of the 
segment number (SNe). 

The second approach uses several MMUs to 
implement multiple translation tables. Multiple 
tables can be used to reduce the time required 
to switch tasks by assigning separate tables to 
each task. Multiple translation tables for multi- 


segment trap acknowledge cycle, an MMU 
uses A/D line 8+i if its ID field 1s 1. 

Following the acknowledge cycle the CPU 
automatically pushes the Program Status onto 
the system stack and loads another Program 
Status from the Program Status Area. The Seg- 
ment Trap line is reset during the segment trap 
acknowledge cycle. Suppress 1s not generated 
during the stack push. If the store creates a 
write warning condition, a Segment Trap 
Request 1s generated and 1s serviced at the 
end of the Program Status swap. The SWW 
flag 1s also set. Servicing this second Segment 
Trap Request also creates a write warning con- 
dition, but because the SWW flag 1s set, no 
Segment Trap Request is generated. If a viola- 
tion rather than a write warning occurs during 
the Program Status swap, the FATL flag is set 
rather than the SWW flag. Subsequent viola- 
tions cause Suppress to be asserted but not 
Segment Trap Request. Without the SWW and 
FATL flags, trap processing routines that 
generate memory violations would repeatedly 
be interrupted and called to process the trap 
they created. 

The CPU routine to process a trap request 
should first check the FATL flag to determine 
if a fatal system error has occurred. If not, the 
SWW flag should be checked to determine if 
more memory is required for the system stack. 
Finally, the trap itself should be processed and 
the Violation Type Register reset. 


secondary storage. The Changed and Altered 
Flags in the attribute field for each segment 
can aid in implementing efficient segment 
management policies. The Status Registers can 
be used 1n recovering from virtual memory 
access faults. 


task environments can use the Master Enable 
Flag to enable the appropriate MMUs through 
software. Multiple translation tables may also 
be used to extend the physical memory size 
beyond 16 megabytes by separating system 
from normal memory and/or program from 
data memory. The MST and NMS flags in the 
Mode Register can be used in conjunction with 
the N/S line to select the MMU that contains 
the appropriate table. Special external cir- 
cuitry that monitors the CPU Status lines can 
manipulate the MMU N/S line to perform this 
selection. 
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Direct memory access operations may occur 
between Z8001 instruction cycles and can be 
handled through the MMU. The MMU permits 
DMA in either the System or Normal mode of 
operation. For each memory access, the seg- 
ment attributes are checked and 1f a violation 
is detected, Suppress is activated. Unlike a 
CPU violation that automatically causes Sup- 
press signals to be generated on subsequent 
memory accesses until the next instruction, 
DMA violations generate a Suppress only on a 
per memory access basis. 

The DMA device should note the Suppress 
signal and record sufficient information to 
enable the system to recover from the access 
violation. No Segment Trap Request is ever 
generated during DMA, hence warning 
conditions are not signaled. Trap Requests are 
not issued because the CPU cannot 
acknowledge such a request. 


At the start of a DMA cycle, DMASYNC 
must go Low for at least two clock cycles, 
indicating to the MMU the beginning of a 
DMA cycle. A Low DMASYNC inhibits the 
MMU trom using an indeterminate segment 
number on lines SNo-SNg. When the DMA 
logical memory address 1s valid, the 
DMASYNC line must be High before a rising 
edge of Clock and the MMU then performs its 
address translation and access protection func- 
tions. Upon the release of the bus at the ter- 
mination of the DMA cycle the DMASYNC hine 
must again be High. After two clock cycles of 
DMASYNC High, the MMU assumes that the 
CPU has control of the bus and that subse- 
quent memory references are CPU accesses. 
The first instruction fetch occurs at least two 
cycles after the CPU regains control of the 
bus. During CPU cycles, DMASYNC should 
always be High. 


MMU 
Commands 


The various registers in the MMU can be 
read and written using Z8001 CPU special I/O 
commands. These commands have machine 
cycles that cause the Status lines to indicate an 
SIO operation 1s in progress. During these 
machine cycles the MMU enters command 
mode. In this mode, the rising edge of the 
Address Strobe indicates a command is pres- 
ent on the ADg-ADjs5. If Chip Select 1s 
asserted and if this command indicates that 
data 1s to be written into one of the MMU 
registers, the data 1s read from ADg-ADj5 
while Data Strobe 1s Low. If the command 1nd)- 
cates that data 1s to be read from one of the 
MMU registers, the data is placed on 
ADg-ADj 5 while Data Strobe is Low. 

There are ten commands that read or write 
various fields in the Segment Descriptor 
Register. The status of the Read/Write line 
indicates whether the command 1s a read or a 
write. 

The auto-incrementing feature of the Seg- 
ment Address Register (SAR) can be used to 
block load segment descriptors using the 
repeat forms of the Special I/O instructions. 
The SAR 1s autoincremented at the end of the 
field. In accessing the base field, first the 
high-order byte is selected and then the low- 
order byte. The command accessing the entire 
Descriptor Register references the fields in the 
order of base address, limit and attribute. 


Opcode (Hex) Instruction 
08 Read/Write Base Field 
09 Read/Write Limit Field 
OA Read/Write Attribute Field 
OB Read/Write Descriptor (all fields) 
OC Read/Write Base Field; Increment SAR 
OD Read/Write Limit Field; Increment SAR 
OF Read/Write Attribute Field; Increment 
SAR 
OF Read/Write Descriptor; Increment SAR 
15 Set All CPU-Inhibit Attribute Flags 
16 Set All DMA-Inhibit Attribute Flags 


Three commands are used to read and write 
the control registers. 


Opcode (Hex) Instruction 
00 Read/Write Mode Register 
Ol Read/Write Segment Address Register 
20 Read/Write Descriptor Selector Counter 
Register 


The Status Registers are read-only registers, 
although the Violation Type Register (VTR) 
can be reset. Nine instructions access these 
registers. 


Opcode (Hex) Instruction 

02 Read Violation Type Register 

03 Read Violation Segment Number Register 

04 Read Violation Offset (High-byte) Register 

05 Read Bus Status Register 

06 Read Instruction Segment Number 
Register 

O7 Read Instruction Offset (High-byte) 
Register 

1] Reset Violation Type Register 

13 Reset SWW Flag in VTR 

14 Reset FATL Flag in VIR 
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MMU The Z8010 translates addresses and checks Memory Read and Write. Memory read and 


Timing for access violations by stepping through instruction fetch cycles are identical, except 
sequences of basic clock cycles corresponding for the status information on the STo9-ST3 
to the cycle structure of the Z8001 CPU. The inputs. During a memory read cycle (Figure 9) 
following timing diagrams show the relative the 7-bit segment number is input on SNo-SNg 
timing relationships of MMU signals during the one clock period earlier than the address off- 
basic operations of memory read/write and set; a High on DMASYNC during T3 indicates 
MMU control commands. For exact timing that the segment offset data is valid. The most 
information, refer to the composite timing significant eight bits of the address offset are 
diagram. placed on the ADo-ADj5 inputs early in the 


CLOCK 


N/S, 
STo-ST3 


SNo-SNe 


As-A23 


SEGT 


ADs-ADi5 
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ADDRESS VALID e 


MEMORY ADDRESS = === DATA IN 


Figure 9. Memory Read Timing 
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MMU first clock period. Valid address offset data is 

Timing indicated by the rising edge of Address 

(Continued) Strobe. Status and mode information become 
valid early in the memory access cycle and 
remain stable throughout. The most significant 
16-bits of the address (physical memory loca- 
tion) remain valid until the end of T3. Segment has terminated. 


Segment Trap Request remains Low until Seg- 


Trap Request and Suppress are asserted in Tp. 


ee 


CLOCK | | | | | | | 


A 


NS, 
STo-ST3 


SNo-SNe 


DMASYNC 


As-A23 


ADgsg-ADis 


RIW 
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ae SEGMENT NUMBER 


DON’T CARE 


raaaieas bAsienell imal 


Figure 10. Memory Write Timing 


ment Trap Acknowledge is received. Suppress 
is asserted during the current machine cycle 
and terminates during T3. Suppress 1s 
repeatedly asserted during CPU instruction 
execution cycles until the current instruction 
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MMU 
Timing 
(Continued) 


MMU Command Cycle. During the command 
cyclé of the MMU (Figure 11), commands are 
ne Address/Data lines during T}. 
The Status lines indicate that a Special I/O 
instruction 1s in progress, and the Chip Select 
line enables the appropriate MMU for that 
command. Data to be written to a register in 
the MMU must be valid on the Address/Data 


placed on 


placed on the Address/Data lines late in the 
Twa cycle. 

Input/Output and Refresh. Input/Output and 
Refresh operations are indicated by the status 
lines STo-ST3. During these operations, the 
MMU refrains from any address translation or 
protection checking. The address lines Ag-A 3 
remain 3-stated. 


lines late in Tz. Data read from the MMU 1s 
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Figure 11. I/O Command Timing 
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MMU 
Timing 
(Continued) 


2046-123 


Reset. The MMU can be reset by either hard 
ware or software mechanisms. A hardware 
reset occurs on the falling edge of the Reset 
signal; a software reset 1s performed by a 
Z8000 Special I/O command. A hardware reset 
clears the Mode Register, Violation Type 
Register and Descriptor Selection Counter. If 
the Chip Select line 1s Low, the Master Enable 
Flag in the Mode Register 1s set to 1. All other 
registers are undefined. After reset, the 
ADg-ADis and As-Az3 lines are 3-stated. The 
SUPand SEGT open-drain outputs are not 
driven. If the Master Enable flag 1s not set dur- 
ing reset, the MMU does not respond to subse- 
quent addresses on its A/D lines. To enable an 
MMU after a hardware reset, an MMU com- 
mand must be used in conjunction with the 
Chip Select line. 

A software reset occurs when the Reset 
Violation Type Register command 1s issued. 
This command clears the Violation Type 
Register and returns the MMU to its initial 
state (as if no violations or warnings had 
occurred). Note that the hardware and software 
resets have different effects. 

Segment Trap and Acknowledge. The Z8010 
MMU generates a segment trap whenever 1t 
detects an access violation or a write into the 
lowest block of a segment with the DIRW flag 


ACKNOWLEDGE CYCLE-—————__ A ——___ 


set. In the case of an access violation, the 
MMU also activates Suppress. This Suppress 
signal can be used to inhibit memory writes. 
The Segment Trap remains Low until a Trap 
Acknowledge signal 1s received. If a violation 
occurs, Suppress is asserted for that cycle and 
all subsequent CPU cycles until the end of the 
instruction; intervening DMA cycles are not 
suppressed, however, unless they generate a 
violation. Violations detected during DMA 
cycles cause Suppress to be asserted during 
that cycle only, but no Trap Request 1s 
generated. 

When the MMU issues a Segment Trap 
Request it awaits a Segment Trap Acknowl- 
edge. Subsequent violations occurring before 
the Trap Acknowledge 1s received are still 
detected and handled appropriately. During 
the Segment Trap Acknowledge cycle, the 
MMU drives one of its Address/Data lines 
High; the particular line selected 1s a function 
of the identification field of the mode register. 
After the Segment Trap has been acknowl- 
edged by the Z8001/3 CPU, the Violation 
Status Register should be read via the Special 
I/O commands in order to determine the cause 
of the trap. The Trap Type Register should also 
be reset so that subsequent traps will be 
recorded correctly. 


STATUS 
SAVING 


AUTOMATIC WAIT CYCLES 


RIW 


ST9-ST3 


ADg-ADi5 


IDENTIFIER 


Figure 12. Segment Trap and Acknowledge Timing 
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Pin 
Description 


As-A23. Address Bus (outputs, active High, 
3-state). These address lines are the 16 most- 
significant bits of the physical memory 
location. 


ADs-AD)5. Address/Data Bus (inputs/outputs, 
active High, 3-state). These multiplexed 
address and data lines are used both for com- 
mands and for logical addresses intended for 
translation. 


AS. Address Strobe (input, active Low). The 
rising edge of AS indicates that ADo-ADjs, 
STo-ST3, R/W and N/S are valid. 


CLK. System Clock (input). CLK is the 5 V 
single-phase time-base input used for both the 
CPU and MMU. 


CS. Chip Select (input, active Low). This line 
selects an MMU for a control command. 


DMASYNC. DMA/Segment Number Syn- 
chronization Strobe (input, active High). A 
Low on this line indicates the segment number 
lines are 3-state; a High indicates the segment 
number is valid. It must always be High during 
CPU cycles and Low when the SN lines are in- 
valid. If a DMA device does not use the MMU 
for address translation, the BUSACK signal 
from the CPU may be used as an input to 
DMASYNC. 


DS. Data Strobe (input, active Low). This line 
provides timing for the data transfer between 
the MMU and the Z8001/3 CPU. 

N/S. Normal/System Mode (input, Low = 
System Mode). N/S indicates the Z8001/3 CPU 
or Z8016 DMA is in the Normal or System 
Mode. The signal can also be used to switch 


between MMUs during different phases of an 
instruction. 
Reserved. Do not connect. 


RESET. Aeset (input, active Low). A Low on 
this line resets the MMU. 


R/W. Read/Write (input, Low = write). R/W 
indicates the Z8001/3 CPU or Z8016 DMA is 
reading from or writing to memory or the 


MMU. 


SEGT. Segment Trap Request (output, active 
Low, open drain). The MMU interrupts the 
Z8001/3 CPU with a Low on this line when the 
MMU detects an access violation or write 
warning. 


SNo-SNg. Segment Number (inputs, active 
High). The SNo-SNs lines are used to address 
one of 64 segments in the MMU; SN¢ is used to 
selectively enable the MMU. 


STo-ST 3. Status (inputs, active High). These 
lines specify the Z8001/3 CPU status. 


ST3-STpo Definition 

0000. Internal operation 

0001 Memory refresh 

0010 I/O reference 

0011 Special I/O reference (e.g., to an MMU) 
0100 Segment trap acknowledge 

0101 Non-maskable interrupt acknowledge 
Ont 10 Non-vectored interrupt acknowledge 
0111 Vectored interrupt acknowledge 

1000 Data memory request 

L001 Stack memory request 

1010 Data memory request (EPU) 

LQ 1d Status memory request (EPU) 

1100 Instruction space access 

td Oed Instruction fetch, first word 

1 a 6) Extension processor transfer 

EF 2 I Bus Lock, Data Memory Request (Z8003 only) 


MEMORY 
CONTROL 


Figure 13. The MMU in a Z8001 System 
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Pin SUP. Suppress (output, active Low, open rent bus cycle when any access violation 


Description drain). This signal is asserted during the cur- except write warning occurs. 
(Continued) 
Absolute Voltages on all inputs and outputs Stresses greater than those listed under Absolute Max- 
Maximum with respect toGND.......... -0.3Vto +7.0V mum Ratings may cause permanent damage to the device. 
Ratinas This 1s a stress rating only; operation of the device at any 
g Operating Ambient condition above those indicated 1n the operational sections 
Temperature Baste 2th Eck See ordering information of these specifications 1s not implied Exposure to absolute 
maximum rating conditions for extended periods may affect 
Storage Temperature........ -65°C to +150°C device reliability. : 
Standard The characteristics below apply for the pi 
Test following standard test conditions, unless a 
Conditions otherwise noted. All voltages are referenced to ears 
GND. Positive current flows into the refer- ‘UNDER TEST 
enced pin. Standard conditions are as follows: 
@+4.75V < Vo = +5.25V 50 pF on 
mGND=0O0V | 
DC Symbol Parameter Min Max Unit Condition 
Character- VCH Clock Input High Voltage Vec-0.4 Vcct+0.3 V Driven by External Clock Generator 
istics ere et ee ee a aap Nf ant Ge ee me a a Sage Sere eee ee tg ae og pet oe 
VoL Clock Input Low Voltage -0.3 0,45 V Driven by External Clock Generator 
VIN Input High Voltage 20 Voc + 0.3 V 
VIL Input Low Voltage -0.3 0.8 V 
Vou Output High Voltage 2.4 V Ioy = -250 pA 
VOL Output Low Voltage 0.4 V Io, = +2.0 mA 
hh Input Leakage +10 pA 0.4< Vin s +2.4V 
lot Output Leakage +10 pA 0.4< Vin s +2.4V 
Ioc Vcc Supply Current 300 mA 


NOTE The on-chip back-bias voltage generator takes approximately 20 ms to pump the back-bias voltage to -2 5 V after the power has 
been turned on the performance of the Z8010 Z-MMU 1s not guaranteed during this period. 


Ordering Product Package/ Product Package/ 

Information Number Temp Speed Description Number Temp Speed Description 
Z8010 CE 4.0 MHz Z-MMU (48-pin) Z8010A Cr 6.0 MHz Z-MMU (48-pin) 
Z8010 CM 4.0 MHz Same as above Z8010A CM 6.0 MHz Same as above 
Z8010 CMB 4.0 MHz Same as above Z8010A CMB 6.0 MHz Same as above 
Z8010 Go 4.0 MHz Same as above Z8010A Cs 6.0 MHz Same as above 
Z8010 PE 4.0 MHz Same as above Z8010A PE 6.0 MHz Same as above 
Z8010 PS 4.0 MHz Same as above Z8010A PS 6.0 MHz Same as above 


NOTES C = Ceramic, P = Plastic, E = -40°C to +85°C, M = -55°C to + 125°C, MB = -55°C to +125°C with 
MIL-STD-883 Class B processing, S = 0°C to +70°C 
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AC Characteristics 
No. Symbol 


l Ice 

2 TwCh 

306 UoTwC) 

4 TC 

ro haere & 5 

6 TdDSA(RDv) 


7  TdDSA(RDf#) 


8 TdDSR(RDv) 
9 TdDSR(RDf) 


10-— TdC(WDv) 
ty ThC(WDn) 
2 TwAS 


13. TsOFF(AS) 
14. ThAS(OFFn) 


15 — TdAS(C) 
16 TdDS(AS) 
17. TdAS(DS) 
18 TsSN(C) 
19 ThC(SNn) 


Parameter 


Clock Cycle Time 
Clock Width (High) 
Clock Width (Low) 
Clock Fall Time 
Clock Rise Time 


DS | (Acknowledge) to Read Data 
Valid Delay 


DSt (Acknowledge) to Read Data 
Float Delay 


DS ! (Read) to AD Output Driven Delay 
DS t (Read) to Read Data Float Delay 
CLK ft to Write Data Valid Delay 


CLK |! to Write Data Not Valid 
Hold Time 


Address Strobe Width 

Offset Valid to AS't Setup Time 

AS t to Offset Not Valid Hold Time 
AS | to CLK ft Delay 

DS t to AS | Delay 

AS t to DS | Delay 

SN Data Valid to CLK t Setup Time 
CLK 1t to SN Data not Valid Hold Time 


20 — TdDMAS(C) —— DMASYNC Valid to CLK ft Delay 


21 TdSTNR(AS) 


22 TdC(DMA) 
Zo dS TC) 

24 TdDS(STn) 
25 — TdOFF(Av) 


26 TdST(Ad) 


27 TdDS(Af) 
28 TdAS(Ad) 
29 TdC(Av) 


Status (STp-ST3, N/S, R/W) Valid to 
AS t Delay 


CLK t to DMASYNC | Delay 
Status (STp-ST3) Valid to CLK ft Delay 
DS 1 to Status Not Valid Delay 
Offset Valid to Address Output 
Valid Delay 
Status Valid to Address Output 
Driven Delay 


DS t to Address Output Float Delay 


AS |! to Addres Output Driven Delay 


. CLK ft to Address Output Valid Delay 


30 — TdAS(SEGT) — AS 1 to SEGT | Delay 


31  TdC(SEGT} 
32 TdAS(SUP) 
33 TdDS(SUP 
34 TsCS(AS) 


oo == ThAS(Con) 


36 TdAS(C) 
37  TsCS(RST) 


38.  ThRST(CSn) 


39 TwRST 
40 — TdC(RDv) 
4] TFdDstC) 
42 Fac Ds) 
NOTES 

1. 50 pF Load 

2 22K Pull-up 


* 


CLK t to SEGT t Delay 
AS t to SUP | Delay 
DS t to SUP t Delay 


Chip Select Input Valid to AS 1 Setup 
Time 


AS t to Chip Select Input Not Valid —— 


Hold Time 
AS t to CLK t Delay 


Chip Select Input Valid to RESET f 
Setup Time 


RESET f to Chip Select Input Not 
Vahd Hold Time 


RESET Width (Low) 

CLK t to Read Data Valid Delay 
DS t to CLK t Delay 

CLK | to DS t Delay 


All 6 MHz timings are preliminary 


t Units in nanoseconds (ns) 
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Z8010 
4 MHz 

Min Max 
250 
105 
105 

20 

20 

100 

715 

100 

15 

125 
30 
60 
45 
60 
110 
50 
50 
100 
9) 
120 
50 
20 
100 
0 

75 

155 

160 

145 

255 

160 

300 

150 

155 
10 
60 
0 
£50 
0 

ZicC 

460 
30 
¢) 


Z8010 
6 MHz 
Min Max 
165 
70 
70 
10 
15 
80 
60 
80 
60 60 
80 
20 
50 
25 
40 
90 
30 
40 
40 
@) 
80 
30 
15 
60 
0 
90 
75 
130 
70 
i55 
100 
200 
90 
100 
10 
40 
0 
100 
@) 
2TcC 
300 
20 
@) 


Min Max Notes*T 


100 
40 
40 
10 
10 
60 ] 
45 ] 
60 ] 
45 l 
50 
10 
30 
20 
20 
50 
1S 
30 
20 
0 
60 
10 
10 
30 
0) 
60 |—— 
45 l 
100 ] 
40 1 
100 ] 
60 Lae 
100 2 
oo Lo? 
60 LZ 
10 
20 
0 
60 
0 
ZiGG 
190 
10 
0 


@ 

<_G)—> 

CLOCK < (2) ra 

te 
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READ MMU 


tae 
1 [ke 
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WRITE MMU 


aaeS 
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28015 Z8000"™ PMMU 
Paged Memory 
Management Unit 


Uy 


Zilog 


Product 
Brief 


June 1982 


Features 


m PMMU architecture supports paged, virtual 
memory systems for the Z8003 VMPU. 


@ Dynamic page relocation makes software 
addresses independent of physical memory 
addresses. 


m@ Memory-management features provide 
access validation to protect memory areas 
from unauthorized or unintentional access, 
and a write-warning indicator to prevent 
stack overtlow. 


m 64 pages, each 2048 bytes in length, can be 
mapped into a total physical address space 
of 16 megabytes. 


m PMMU can be used to implement systems 
with larger or smaller page sizes. 


m@ The number of accessible pages can be 
increased by using multiple PMMUs to sup- 
port separate translation tables for each 
Z8003 VMPU address space. 


Description 


The Z8015 Paged Memory Management Unit 
(PMMU) is designed to support a paged virtual 
memory system for the Z8003 Virtual Memory 
Processor Unit (VMPU). Although designed 
primarily for the Z8003, the PMMU can also be 
used to support the other CPUs in the Z8000 
Family. Memory-management features allow 
access validation for memory protection and a 
write-warning to prevent stack overflow. An 
instruction abort for accesses to pages not in 
main memory allows restarting of instructions 
in the Z8003 VMPU. Each PMMU can manage 
a basic memory area of sixty-four 2048-byte, 
fixed-size pages. The VMPU’s 8M byte logical 
address space is translated by the PMMU into 
a 16M byte physical address space. Page size 
can be easily changed and multiple PMMUs 
can be combined to support more pages. The 
PMMU is produced in a 64-pin package. 


ADDRESS/ 
DATA BUS 
PHYSICAL 
ADDRESS 
SEGMENT 
NUMBER 
SUPPRESS 
TRAP REQUEST 
ABORT REQUEST 
DMAISEGMENT 
BUS TIMING { STATUS 


CHIP SELECT 
CHIP ENABLE 


+5V GND CLK RESET 


Figure 1. Pin Functions 
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Functional 
Description 


The Z8015 Paged Memory Management Unit 
(PMMU) manages the 8M byte addressing 
spaces of the Z8003 VMPU. The PMMU pro- 
vides dynamic page relocation as well as 
numerous memory protection features. 

Dynamic page relocation makes user soft- 
ware addresses independent of the physical 
memory addresses, thereby freeing the user 
from specifying where information is located in 
the physical memory. It also provides a flexi- 
ble, efficient method for supporting multipro- 
gramming systems. The PMMU uses a content- 
addressable translation table to transform the 
23-bit logical address output from the VMPU 
into a 24-bit address for the physical memory. 
(Only logical memory addresses go to a PMMU 
for translation; I/O addresses and data bypass 
this component. ) 

The PMMU is designed to use a memory 
page 2048 bytes in length. Multiple PMMUs 
can be used to support more than 64 pages 
within a given address space. In addition, 
PMMUs can be used to accommodate separate 
translation tables for system and normal 
operating modes. The basic page length of 
2048 bytes can be increased or decreased 
using a minimal amount of external circuitry. 

The PMMU is designed to implement a 
paged virtual memory using the Z8003 VMPU. 
The PMMU saves sufficient information to 
recover from an instruction abort due to a 
page fault. The instruction can be restarted 
after the required information has been placed 
in primary memory and the PMMU'’s descrip- 
tors updated to allow address translation to the 
selected primary memory locations. 

As an aid in implementing efficient paging 
algorithms, the PMMU provides Changed and 
Referenced flags for each page. The Changed 


flag indicates that a page has been altered and 
hence must be copied to secondary storage 
before that physical memory can be used for 
another page. The Referenced flag can be 
used to determine which pages have not been 
accessed by an executing program. This infor- 
mation is useful in a variety of memory- 
management algorithms. 

PMMU memory protection features 
safeguard memory areas from unauthorized or 
unintended access by associating special 
access restirctions with each page. A page is 
assigned a number of attributes when its 
descriptor 1s initially entered into the PMMU. 
Pages are protected by modes of permitted 
use, such as read only, system only, and exe- 
cute only. The Valid flag indicates whether or 
not a descriptor has been initialized. When a 
memory reference is made, these attributes are 
checked against the status information sup- 
plied by the VMPU. If a mismatch occurs, the 
instruction is aborted, a Trap Request signal is 
generated and the VMPU is interrupted. The 
VMPU then checks the status registers of the 
PMMU to determine the cause of the abort. 

The PMMU 1s controlled by 20 special I/O 
instructions, which can be issued from the 
VMPU in system mode only. With these 
instructions, system software can assign pro- 
gram pages to arbitrary memory locations, 
restrict the use of pages, and monitor whether 
pages have been read or written. 

The PMMU has two operating modes: an 
address translation mode in which addresses 
are translated automatically as they are 
received, and a command mode, during which 
specific registers in the PMMU are accessed 
using special I/O commands. 


Segmented 
Addressing 
and Address 
Translation 
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The addresses manipulated by the program- 
mer, used by instructions, and output by the 
VMPU are called logical addresses. The 
PMMU translates logical addresses into the 
physical addresses required for accessing the 
memory. 

The 23-bit logical addresses output by the 
VMPU divide an 8M byte addressing space 
into 128 segments of up to 64K bytes each. A 
23-bit segmented address consists of a 7-bit 
segment number and a 16-bit offset used to 
address any byte relative to the beginning of 
the segment. The two parts of the segmented 
address (segment number and offset) can be 
manipulated separately. 

The PMMU divides physical memory into 


2048-byte pages. Pages are assumed to be 
allocated in memory on 2048-byte boundaries 
so that the 11 low-order bits of the starting 
location of each page are always equal to zero. 
Segments 1n a virtual memory system can con- 
sist of pages that need not be in physical 
storage. Those segment pages in main memory 
need not be contiguous. Segments can have a 
variable number of pages. Any page can be 
designated so that writes into the lowest 
numbered 128 bytes generate a warning trap 
without an instruction abort. If such a page is 
used as the last page of the system stack, the 
warning trap can be used to allocate another 
page to the stack segment and prevent a stack 
overtlow error. 
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Features m@ Memory-to-peripheral transfer up to 2.66M 
bytes/second at 4 MHz. 


m@ Memory-to-memory transfer up to 1.33M 
bytes/second at 4 MHz. 


@ Two fully independent, multi-function 
channels. 


m@ Masked data pattern matching for search 
and search-and-transter operations. 


m@ Funneling option permits mixing of byte and 
word data during transfer operations. 


m May be operated in logical address space in 


conjunction with the Z8010 Memory 
Management Unit. 


w Software- or hardware-controlled Wait state 
insertion. 


@ Programmable chaining operation provides 
automatic loading of control parameters 
from memory by each channel. 


m Automatic loading from base registers on 
each channel for efticient repetitive 
operations. 


m Z-BUS daisy-chain interrupt hierarchy and 
bus-request structure. 


The Z8016 DMA Transfer Controller (DTC) is 
a high-performance data transfer device 
designed to match the power and addressing 
capability of the Z8000 CPUs. In addition to 
providing block data transfer capability 


Description 


SEGMENT 
NUMBER 
ADDRESS 
DATA 
BUS 
STATUS 
ADi3 
BIW ADi4 
AD1s5 (<> 
Bus BUE CS/WAIT 
CONTROL BAI DREQ:, DREQ2 DMA 
BAO DACK;, DACK2 CONTROL 
EOP 
BUS 
TIMING int 
a INTERRUPT 
CONTROL 


t 


+5V GND CLK 


Figure 1. Pin Functions 


2129-001, 002 


between memory and peripherals, each of the 
DTC’s two channels can perform peripheral-to- 
peripheral and memory-to-memory transfers. A 
special Search mode of operation compares 
data read from a memory or peripheral source 


SN7/MMU SYNC 
GND 
SNo2 
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with the contents of a pattern register. A 
search can be performed concurrently with 
transfers or as an operation in itself. 

For all operations (Search, Transfer, and 
Transfer-and-Search), the DTC can operate in 
either Flowthrough or Flyby Transfer mode. In 
the Flowthrough mode data is stored tem- 
porarily within the DTC on its way from source 
to destination. In this mode transfers can be 
made between a word-oriented memory and a 
byte-oriented peripheral through the bi- 
directional byte-word funneling option. In 
Flyby mode, data is transferred in a single step 
(from source to destination), thus providing 
extremely high throughput. 

The Z8016 DTC takes full advantage of the 
Z8000 memory management scheme by inter- 
facing directly to the Z8010 Memory Manage- 
ment Unit (MMU). In this configuration, 8M 
bytes of logical address range are provided for 
each CPU address space. Alternatively, the 
Z8016 DTC can operate independently of the 
Z8010 MMU and directly address up to 16M 
bytes of physical address space. 

In addition to providing a hardware WAIT 
input to accommodate different memory or 
peripheral speeds, the Z8016 DTC allows the 
user to select the automatic insertion of 0, 1, 2, 
or 4 Wait states for either source or destination 
addresses. Alternatively, the user can disable 
the WAIT input pin function and use these 
software programmed Wait states exclusively. 

High throughput and powerful transfer 
options are of limited usefulness if a DMA 
device requires frequent reloading by the host 


CPU. The Z8016 DTC minimizes CPU involve- 


ment by allowing each channel to load its con- 
trol registers from memory automatically when 
a DMA operation is complete. By loading the 
address of subsequent control parameters as 
part of this operation, command chaining is 
accomplished. The only action required of the 
CPU is to load the address of the control 
parameter table into the channel’s Chain 
Address register and then issue a ‘Start 
Chain” command. 

Some DMA applications may transfer data 
continuously between the same two locations. 
To service these repetitive DMA operations, 
base registers are provided on each channel 
that re-initialize the current source and 
destination address registers. This re- 
initialization eliminates the need for reloading 
registers from memory tables. 

The Z8016 DTC is directly Z-BUS compatible 
and operates within the Z8000 daisy-chain 
vectored-priority interrupt scheme. Addi- 
tionally, a demand interleave operation is sup- 
ported which allows the DTC to surrender the 
system bus to the external system or to alter- 
nate between internal channels. This capability 
allows for virtually parallel operations between 
dual channels or between a DTC channel and 
the CPU. 

The DTC may be used to provide a central 
DMA function in close cooperation with the 
CPU or to provide dispersed DMA operations 
in conjunction with a wide variety of Z8000 
Family peripheral controllers. 

The Z8016 DTC is packaged in a 48-pin DIP 
and uses a single +5 V power supply. 


Z8030 Z8000™ Z-SCC 
Serial Communications 
Controller 
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Zilog Specification 


June 1982 
Features @ Two independent, 0 to 1M bit/second, full- @ Synchronous mode with internal or external 
duplex channels, each with a separate character synchronization on one or two 
crystal oscillator, baud rate generator, and synchronous characters and CRC genera- 
Digital Phase-Locked Loop for clock tion and checking with CRC-16 or 
recovery. CRC-CCITT preset to either 1s or Os. 
@ Multi-protocol operation under program @ SDLC/HDLC mode with comprehensive 
control; programmable for NRZ, NRZI, or frame-level control, automatic zero insertion 
FM data encoding. and deletion, I-field residue handling, abort 
@ Asynchronous mode with five to eight bits generation and detection, CRC generation 
and one, one and one-half, or two stop bits and checking, and SDLC Loop mode 
per character; programmable clock factor; operation. 
break detection and generation; parity, @ Local Loopback and Auto Echo modes. 
overrun, and framing error detection. 
General The Z8030 Z-SCC Serial Communications communications applications. The device con- 
Description | Controller is a dual-channel, multi-protocol tains a variety of new, sophisticated internal 
data communications peripheral designed for functions including on-chip baud rate 
use with the Zilog Z-Bus. The Z-SCC functions generators, Digital Phase-Locked Loops, and 
as a serial-to-parallel, parallel-to-serial con- crystal oscillators that dramatically reduce the 
verter/controller. The Z-SCC can be software- need for external logic. 


configured to satisfy a wide variety of serial 
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The Z-SCC handles asynchronous formats, 
synchronous byte-oriented protocols such as 
IBM Bisync, and Synchronous bit-oriented pro- 
tocols such as HDLC and IBM SDLC. This ver- 
satile device supports virtually any serial data 
transfer application (cassette, diskette, tape 
drives, etc.). 

The device can generate and check CRC 
codes in any Synchronous mode and can be 
programmed to check data integrity in various 
modes. The Z-SCC also has facilities for 


The following section describes the pin 
functions of the Z-SCC. Figures 1 and 2 detail 
the respective pin functions and pin 
assignments. 


ADo-ADy. Address/Data Bus (bidirectional, 
active High, 3-state). These multiplexed lines 
carry register addresses to the Z-SCC as well 
as data or control information to and from 


the Z-SCC. 


AS. Address Strobe (input, active Low). 
Addresses on ADop-AD7 are latched by the ris- 
ing edge of this signal. 


CSo. Chip Select 0 (input, active Low). This 
signal is latched concurrently with the 
addresses on ADo-AD7 and must be active for 
the intended bus transaction to occur. 


CS). Chip Select 1 (input, active High). This 
second select signal must also be active before 
the intended bus transaction can occur. CS) 
must remain active throughout the transaction. 


CTSA, CTSB. Clear to Send (inputs, active 
Low). If these pins are programmed as Auto 
Enables, a Low on the inputs enables their 
respective transmitters. If not programmed as 
Auto Enables, they may be used as general- 
purpose inputs. Both inputs are Schmitt-trigger 
buffered to accommodate ‘slow rise-time inputs. 
The Z-SCC detects pulses on these inputs and 
can interrupt the CPU on both logic level 
transitions. 


DCDA, DCDB. Data Carrier Detect (inputs, 
active Low). These pins function as receiver 
enables if they are programmed for Auto 
Enables; otherwise they may be used as 
general-purpose input pins. Both pins are 
Schmitt-trigger buffered to accommodate slow 
rise-time signals. The Z-SCC detects pulses on 
these pins and can interrupt the CPU on both 
logic level transitions. 


DS. Data Strobe (input, active Low). This 
signal provides timing for the transfer of data 
into and out of the Z-SCC. If AS and DS coin- 


cide, this is interpreted as a reset. 


DTR/REQA, DTR/REQB. Data Terminal 
Ready/Request (outputs, active Low). These 
outputs follow the state programmed into the 
DTR bit. They can also be used as general- 
purpose outputs or as Request lines for a DMA 
controller. 


modem controls in both channels. In appli- 
cations where these controls are not needed, 
the modem controls can be used for 
general-purpose I/O. 

The Z-Bus daisy-chain interrupt hierarchy 
is also supported—as is standard for Zilog 
peripheral components. 

The Z8030 Z-SCC is packaged in a 40-pin 
ceramic DIP and uses a single +5 V power 


supply. 


IEI. Interrupt Enable In (input, active High). 
IEI is used with IEO to form an interrupt daisy 
chain when there is more than one interrupt- 
driven device. A High IEI indicates that no 
other higher priority device has an interrupt 
under service or is requesting an interrupt. 


IEO. Interrupt Enable Out (output, active 
High). IEO is High only if IEI is High and the 
CPU is not servicing a Z-SCC interrupt or the 
Z-SCC is not requesting an interrupt (Interrupt 
Acknowledge cycle only). IEO is connected to 
the next lower priority device’s IEI input and 
thus inhibits interrupts from lower priority 
devices. 


INT. Interrupt Request (output, open-drain, 
active Low). This signal is activated when the 
Z-SCC requests an interrupt. 


INTACK. Jnterrupt Acknowledge (input, active 


Low). This signal indicates an active Interrupt 
Acknowledge cycle. During this cycle, the __ 
Z-SCC interrupt daisy chain settles. When DS 
becomes active, the Z-SCC places an interrupt 
vector on the data bus (if IElis High). —__ 
INTACK is latched by the rising edge of AS. 


PCLK. Clock (input). This is the master Z-SCC 
clock used to synchronize internal signals. 
PCLK is not required to have any phase rela- 
tionship with the master system clock, although 
the frequency of this clock must be at least 
90% of the CPU clock frequency for a Z8000. 
PCLK is a TTL level signal. 


RxDA, RxDB. Receive Data (inputs, active 
High). These input signals receive serial data 
at standard TTL levels. 


RTxCA, RTxCB. Receive/Transmit Clocks 
(inputs, active Low). These pins can be pro- 
grammed in several different modes of opera- 
tion. In each channel, RTxC may supply the 
receive clock, the transmit clock, the clock for 
the baud rate generator, or the clock of the 
Digital Phase-Locked Loop. These pins can 
also be programmed for use with the respec- 
tive SYNC pins as a crystal oscillator. The 
receive clock may be 1, 16, 32, or 64 times the 
data rate in Asynchronous modes. 


RTSA, RTSB. Request To Send (outputs, 
active Low). When the Request To Send (RTS) 
bit in Write Register 5 (Figure 11) is set, the 
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RTS signal goes Low. When the RTS bit is 
reset in the Asynchronous mode and Auto 
Enable is on, the signal goes High after the 
transmitter is empty. In Synchronous mode or 
in Asynchronous mode with Auto Enable off, 
the RTS pin strictly follows the state of the RTS 
bit. Both pins can be used as general-purpose 
outputs. 


R/W. Read/Write (input). This signal specifies 
whether the operation to be performed is a 
read or a write. 


SYNCA, SYNCB. Synchronization (inputs or 
outputs, active Low). These pins can act either 
as inputs, outputs, or part of the crystal 
oscillator circuit. 

In the Asynchronous Receive mode (crystal 
oscillator option not selected), these pins are 
inputs similar to CTS and DCD. In this mode, 
transitions on these lines affect the state of the 
Synchronous/Hunt status bits in Read Register 
O (Figure 10) but have no other function. 

In External Synchronization mode with the 
crystal oscillator not selected, these lines also 
act as inputs. In this mode, SYNC must be 
driven Low two receive clock cycles after 
the last bit in the synchronous character is 
received. Character assembly begins on the 
rising edge of the receive clock immediately 
preceding the activation of SYNC. 

In the Internal Synchronization mode 


The functional capabilities of the Z-SCC 
can be described from two different points 
of view: as a data communications device, 
it transmits and receives data in a wide 
variety of data communications protocols; 
as a Z8000 Family peripheral, it interacts 
with the Z8000 CPU and other peripheral 
circuits and is part of the Z-Bus interrupt 
structure. 


Data Communications Capabilities. The 
Z-SCC provides two independent full-duplex 
channels programmable for use in any com- 
mon Asynchronous or Synchronous data- 
communication protocol. Figure 3 and the 
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(Monosync and Bisync) with the crystal 
oscillator not selected, these pins act as out- 
puts and are active only during the part of the 
receive clock cycle in which synchronous 
characters are recognized. The synchronous 
condition is not latched, so these outputs are 
active each time a synchronization pattern is 
recognized (regardless of character bound- 
aries). In SDLC mode, these pins act as out- 
puts and are valid on receipt of a flag. 


TxDA, TxDB. 7ransmit Data (outputs, active 
High). These output signals transmit serial data 
at standard TTL levels. 


TRxCA, TRxCB. Jransmit/Receive Clocks 
(inputs or outputs, active Low). These pins can 
be programmed in several different modes of 
operation. TRxC may supply the receive clock 
or the transmit clock in the input mode or sup- 
ply the output of the Digital Phase-Locked 
Loop, the crystal oscillator, the baud rate 
generator, or the transmit clock in the output 
mode. 


W/REQA, W/REQB. Wait/Request (outputs, 
open-drain when programmed for a Wait func- 
tion, driven High or Low when programmed 
for a Request function). These dual-purpose 
outputs may be programmed as Request lines 
for a DMA controller or as Wait lines to 
synchronize the CPU to the Z-SCC data rate. 
The reset state is Wait. 


following description briefly detail these 
protocols. 


Asynchronous Modes. Transmission and 
reception can be accomplished independently 
on each channel with five to eight bits per 
character, plus optional even or odd parity. 
The transmitters can supply one, one-and-a- 
half, or two stop bits per character and can 
provide a break output at any time. The 
receiver break-detection logic interrupts the 
CPU both at the start and at the end of a 
received break. Reception is protected from 
spikes by a transient spike-rejection 
mechanism that checks the signal one-half a 
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bit time after a Low level is detected on the 
receive data input (RxDA or RxDB in 

Figure 1). If the Low does not persist (as in the 
case of a transient), the character assembly 
process does not start. 

Framing errors and overrun errors are 
detected and buffered together with the partial 
character on which they occur. Vectored inter- 
rupts allow fast servicing or error conditions 
using dedicated routines. Furthermore, a 
built-in checking process avoids the interpreta- 
tion of a framing error as a new start bit: a 
framing error results in the addition of one-half 
a bit time to the point at which the search for 
the next start bit begins. 

The Z-SCC does not require symmetric 
transmit and receive clock signals—a feature 
allowing use of the wide variety of clock 
sources. The transmitter and receiver can 
handle data at a rate of 1, 1/16, 1/32, or 1/64 
of the clock rate supplied to the receive and 
transmit clock inputs. In Asynchronous modes, 
the SYNC pin may be programmed as an input 
used for functions such as monitoring a ring 
indicator. 


Synchronous Modes. The Z-SCC supports both 
byte-oriented and bit-oriented synchronous 
communication. Synchronous byte-oriented 
protocols can be handled in several modes, 
allowing character synchronization with a 6-bit 
or 8-bit synchronous character (Monosync), 
any 12-bit synchronization pattern (Bisync), or 
with an external synchronization signal. 
Leading synchronous characters can be 
removed without interrupting the CPU. 

Five- or 7-bit synchronous characters are 
detected with 8- or 16-bit patterns in the 
Z-SCC by overlapping the larger pattern 
across multiple incoming synchronous 
characters as shown in Figure 4. 

CRC checking for Synchronous byte- 
oriented modes is delayed by one character 
time so that the CPU may disable CRC check- 
ing on specific characters. This permits the 
implementation of protocols such as 
IBM Bisync. 

Both CRC-16 (X16 + X15 + X2 + 1) and 
CCITT (X16 + X12 + X5 +1) error checking 
polynomials are supported. Either polynomial 
may be selected in all Synchronous modes. 
Users may preset the CRC generator and 
checker to all ls or all Os. The Z-SCC also 
provides a feature that automatically transmits 
CRC data when no other data is available for 


5 BITS 


transmission. This allows for high speed 
transmissions under DMA control, with no 
need for CPU intervention at the end of a 
message. When there is no data or CRC to 
send in Synchronous modes, the transmitter 
inserts 6-, 8-, or 16-bit synchronous 
characters, regardless of the programmed 
character length. 

The Z-SCC supports Synchronous bit- 
oriented protocols, such as SDLC and HDLC, 
by performing automatic flag sending, zero in- 
sertion, and CRC generation. A special com- 
mand can be used to abort a frame in transmis- 
sion. At the end of a message, the Z-SCC 
automatically transmits the CRC and trailing 
flag when the transmitter underruns. The 
transmitter may also be programmed to send 
an idle line consisting of continuous flag 
characters or a steady marking condition. 

If a transmit underrun occurs in the middle 
of a message, an external/status interrupt 
warns the CPU of this status change so that an 
abort may be issued. The Z-SCC may also be 
programmed to send an abort itself in case of 
an underrun, relieving the CPU of this task. 
One to eight bits per character can be sent, 
allowing reception of a message with no prior 
information about the character structure in 
the information field of a frame. 

The receiver automatically acquires syn- 
chronization on the leading flag of a frame in 
SDLC or HDLC and provides a synchroniza- 
tion signal on the SYNC pin (an interrupt can 
also be programmed). The receiver can be 
programmed to search for frames addressed by 
a single byte (or four bits within a byte) of a 
user-selected address or to a global broadcast 
address. In this mode, frames not matching 
either the user-selected or broadcast address 
are ignored. The number of address bytes can 
be extended under software control. For 
receiving data, an interrupt on the first 
received character, or an interrupt on every 
character, or on special condition only (end- 
of-frame) can be selected. The receiver 
automatically deletes all Os inserted by the 
transmitter during character assembly. CRC is 
also calculated and is automatically checked to 
validate frame transmission. At the end of 
transmission, the status of a received frame is 
available in the status registers. In SDLC 
mode, the Z-SCC must be programmed to use 
the SDLC CRC polynomial, but the generator 
and checker may be preset to all Is or all Os. 
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Figure 4. Detecting 5- or 7-Bit Synchronous Characters 
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The CRC is inverted before transmission and 
the receiver checks against the bit pattern 
0001110100001111. 

NRZ, NRZI or FM coding may be used in any 
lx mode. The parity options available in Asyn- 
chronous modes are available in Synchronous 
modes. 

The Z-SCC can be conveniently used under 
DMA control to provide high-speed reception 
or transmission. In reception, for example, the 
Z-SCC can interrupt the CPU when the first 
character of a message is received. The CPU 
then enables the DMA to transfer the message 
to memory. The Z-SCC then issues an end-of- 
frame interrupt and the CPU can check the 
status of the received message. Thus, the CPU 
is freed for other service while the message is 
being received. The CPU may also enable the 
DMA first and have the Z-SCC interrupt only 
on end-of-frame. This procedure allows all 
data to be transferred via the DMA. 


SDLC Loop Mode. The Z-SCC supports SDLC 
Loop mode in addition to normal SDLC. In an 
SDLC Loop, there is a primary controller 
station that manages the message traffic flow 
on the loop and any number of secondary 
stations. In SDLC Loop mode, the Z-SCC per- 
forms the functions of a secondary station 
while a Z-SCC operating in regular SDLC 
mode can act as a controller (Figure 5). 

A secondary station in an SDLC Loop is 
always listening to the messages being sent 
around the loop, and in fact must pass these 
messages to the rest of the loop by retrans- 
mitting them with a one-bit-time delay. The 
secondary station can place its own message 
on the loop only at specific times. The con- 
troller signals that secondary stations may 
transmit messages by sending a special 
character, called an EOP (End Of Poll), 
around the loop. The EOP character is the bit 
pattern 11111110. Because of zero insertion 
during messages, this bit pattern is unique and 
easily recognized. 

When a secondary station has a message to 
transmit and recognizes an EOP on the line, it 
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Figure 5. An SDLC Loop 


changes the last binary 1 of the EOP to a 0 
before transmission. This has the effect of turn- 
ing the EOP into a flag sequence. The secon- 
dary station now places its message on the loop 
and terminates the message with an EOP. Any 
secondary stations further down the loop with 
messages to transmit can then append their. 
messages to the message of the first secondary 
station by the same process. Any secondary 
stations without messages to send merely echo 
the incoming messages and are prohibited 
from placing messages on the loop (except 
upon recognizing an EOP). 

SDLC Loop mode is a programmable option 
in the Z-SCC. NRZ, NRZI, and FM coding may 
all be used in SDLC Loop mode. 


Baud Rate Generator. Each channel in the 
Z-SCC contains a programmable baud rate 
generator. Each generator consists of two 8-bit 
time constant registers that form a 16-bit time 
constant, a 16-bit down counter, and a flip-flop 
on the output producing a square wave. On 
startup, the flip-flop on the output is set in a 
High state, the value in the time constant 
register is loaded into the counter, and the 
counter starts counting down. The output of 
the baud rate generator toggles upon reaching 
QO, the value in the time constant register is 
loaded into the counter, and the process is 
repeated. The time constant may be changed 
at any time, but the new value does not take 
effect until the next load of the counter. 

The output of the baud rate generator may 
be used as either the transmit clock, the 
receive clock, or both. It can also drive the 
Digital Phase-Locked Loop (see next section). 

If the receive clock or transmit clock is not 
programmed to come from the TRxC pin, the 
output of the baud rate generator may be 
echoed out via the TRxC pin. 

The following formula relates the time con- 
stant to the baud rate (the baud rate is in 
bits/second and the BR clock period is in 
seconds): 


] 
baud rate = 2 (time constant + 2) x (BR clock period) 
Digital Phase-Locked Loop. The Z-SCC con- 
tains a Digital Phase-Locked Loop (DPLL) to 
recover clock information from a data stream 
with NRZI or FM encoding. The DPLL is driven 
by a clock that is nominally 32 (NRZI) or 16 
(FM) times the data rate. The DPLL uses this 
clock, along with the data stream, to construct 
a clock for the data. This clock may then be 
used as the Z-SCC receive clock, the transmit 
clock, or both. 

For NRZI encoding, the DPLL counts the 32x 
clock to create nominal bit times. As the 32x 
clock is counted, the DPLL is searching the 
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incoming data stream for edges (either 1 to 0 
or 0 to 1). Whenever an edge is detected, the 
DPLL makes a count adjustment (during the 
next counting cycle), producing a terminal 
count closer to the center of the bit cell. 

For FM encoding, the DPLL still counts from 
0 to 31, but with a cycle corresponding to two 
bit times. When the DPLL is locked, the clock 
edges in the data stream should occur between 
counts 15 and 16 and between counts 31 and 
0. The DPLL looks for edges only during a 
time centered on the 15 to 16 counting 
transition. 

The 32x clock for the DPLL can be pro- 
grammed to come from either the RTxC input 
or the output of the baud rate generator. The 
DPLL output may be programmed to be 
echoed out of the Z-SCC via the TRxC pin (if 
this pin is not being used as an input). 


Data Encoding The Z-SCC may be pro- 
grammed to encode and decode the serial data 
in four different ways (Figure 6). In NRZ 
encoding, a l is represented by a High level 
and a 0 is represented by a Low level. In NRZI 
encoding, a 1 is represented by no change in 
level and a 0 is represented by a change in 
level. In FM1 (more properly, bi-phase mark) 
a transition occurs at the beginning of every 
bit cell. A 1 is represented by an additional 
transition at the center of the bit cell and a 0 is 
represented by no additional transition at the 
center of the bit cell. In FMO (bi-phase space), 
a transition occurs at the beginning of every 
bit cell. A 0 is represented by an additional 
transition at the center of the bit cell, anda 1 
is represented by no additional transition at 
the center of the bit cell. In addition to these 
four methods, the Z-SCC can be used to 
decode Manchester (bi-phase level) data by 
using the DPLL in the FM mode and program- 
ming the receiver for NRZ data. Manchester 
encoding always produces a transition at the 
center of the bit cell. If the transition is 0 to l, 
the bit is a 0. If the transition is ] to O the 

bit is a 1. 


Auto Echo and Local Loopback. The Z-SCC 
is capable of automatically echoing everything 
it receives. This feature is useful mainly in 
Asynchronous modes, but works in Syn- 
chronous and SDLC modes as well. In Auto 
Echo mode, TxD is RxD. Auto Echo mode can 
be used with NRZI or FM encoding with no 
additional delay, because the data stream is 
not decoded before retransmission. In Auto 
Echo mode, the CTS input is ignored as a 
transmitter enable (although transitions on this 
input can still cause interrupts if programmed 
to do so). In this mode, the transmitter is 
actually bypassed and the programmer is 
responsible for disabling transmitter interrupts 
and WAIT/REQUEST on transmit. 

The Z-SCC is also capable of Local Loop- 
back. In this mode TxD is RxD, just as in Auto 
Echo mode. However, in Local Loopback 
mode, the internal transmit data is tied to the 
internal receive data and RxD is ignored___ 
(except to be echoed out via TxD). The CTS 
and DCD inputs are also ignored as transmit 
and receive enables. However, transitions on 
these inputs can still cause interrupts. Local 
Loopback works in Asynchronous, Syn- 
chronous and SDLC modes with NRZ, NRZI or 
FM coding of the data stream. 


I/O Interface Capabilities. The Z-SCC offers 
the choice of Polling, Interrupt (vectored or 
nonvectored), and Block Transfer modes to 
transfer data, status, and control information to 
and from the CPU. The Block Transfer mode 
can be implemented under CPU or DMA 
control. 


Polling. All interrupts are disabled. Three 
status registers in the Z-SCC are automatically 
updated whenever any function is performed. 
For example, end-of-frame in SDLC mode 

sets a bit in one of these status registers. The 
idea behind polling is for the CPU to period- 
ically read a status register until the register 
contents indicate the need for data to be 
transferred. Only one register needs to be 


Figure 6. Data Encoding Methods 
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read; depending on its contents, the CPU 
either writes data, reads data, or continues. 
Two bits in the register indicate the need for 
data transfer. An alternative is a poll of the 
Interrupt Pending register to determine the 
source of an interrupt. The status for both 
channels resides in one register. 


Interrupts. The Z-SCC interrupt scheme con- 
forms to the Z-Bus specification. When a 
Z-SCC responds to an Interrupt Acknowledge 
signal (INTACK) from the CPU, an interrupt 
vector may be placed on the A/D bus. This 
vector is written in WR2 and may be read in 
RR2A or RR2B (Figures 10 and 11). 

To speed interrupt response time, the Z-SCC 
can modify three bits in this vector to indicate 
status. If the vector is read in Channel A, 
status is never included; if it is read in 
Channel B, status is always included. 

Each of the six sources of interrupts 1n the 
Z-SCC (Transmit, Receive, and External/Status 
interrupts in both channels) has three bits 
associated with the interrupt source: Interrupt 
Pending (IP), Interrupt Under Service (IUS), 
and Interrupt Enable (IE). Operation of the IE 
bit is straightforward. If the IE bit is set for a 
given interrupt source, then that source can 
request interrupts. The exception is when the 
MIE (Master Interrupt Enable) bit in WR9 is 
reset and no interrupts may be requested. The 
IE bits are write only. 

The other two bits are related to the Z-Bus 
interrupt priority chain (Figure 7). As a Z-Bus 
peripheral, the Z-SCC may request an 
interrupt only when no higher priority device 
is requesting one, e.g., when IEI is High. If 
the device in question requests an interrupt, it 
pulls down INT. The CPU then responds with 
INTACK, and the interrupting device places 
the vector on the A/D bus. 

In the Z-SCC, the IP bit signals a need for 
interrupt servicing. When an IP bit is 1 and 
the IEI input 1s High, the INT output 1s pulled 
Low, requesting an interrupt. In the Z-SCC, if 
the IE bit is not set by enabling interrupts, 
then the IP for that source can never be set. 
The IP is set two or three AS cycles after the 
interrupt condition occurs. Two or three AS 
rising edges are required from the time an 1n- 
terrupt condition occurs until INT is activated. 
The IP bits are readable in RR3A. 

The IUS bits signal that an interrupt request 


2-BUS 
PERIPHERAL 


IEl ADo-AD7 INT INTACK IEO 


PERIPHERAL 


El ADo-AD7 INT INTACK IEO 


is being serviced. If an IUS is set, all interrupt 
sources of lower priority in the Z-SCC and 
external to the Z-SCC are prevented from 
requesting interrupts. The internal interrupt 
sources are inhibited by the state of the inter- 
nal daisy chain, while lower priority devices 
are inhibited by the IEO output of the Z-SCC 
being pulled Low and propagated to subse- 
quent peripherals. An IUS bit is set during an 
Interrupt Acknowledge cycle if there are no 
higher priority devices requesting interrupts. 

There are three types of interrupts: 
Transmit, Receive, and External/Status. Each 
interrupt type is enabled under program con- 
trol with Channel A having higher priority 
than Channel B, and with Receiver, Transmit, 
and External/Status interrupts prioritized in 
that order within each channel. When the 
Transmit interrupt is enabled, the CPU 1s 
interrupted when the transmit buffer becomes 
empty. (This implies that the transmitter must 
have had a data character written into it so 
that it can become empty.) When enabled, the 
receiver can interrupt the CPU in one of 
three ways: 


@ Interrupt on First Receive Character or 
Special Receive Condition. 


@ Interrupt on All Receive Characters or 
Special Receive Condition. 


@ Interrupt on Special Receive Condition 


Only. 


Interrupt on First Character or Special Con- 
dition and Interrupt on Special Condition Only 
are typically used with the Block Transfer 
mode. A Special Receive Condition is one of 
the following: receiver overrun, framing error 
in Asynchronous mode, end-of-frame in SDLC 
mode and, optionally, a parity error. The 
Special Receive Condition interrupt 1s different 
from an ordinary receive character available 
interrupt only in the status placed in the vector 
during the Interrupt Acknowledge cycle. In 
Interrupt on First Receive Character, an inter- 
rupt can occur from Special Receive Cond)- 
tions any time after the first receive character 
interrupt. 

The main function of the External/Status 
interrupt is to monitor the signal transitions of 
the CTS, DCD, and SYNC pins; however, an 
External/Status interrupt is also caused by a 
Transmit Underrun condition, or a zero count 


2-BUS 
PERIPHERAL 


{El ADo-AD7 INT INTACK 


ail: aes eer 
INTACK 


Figure 7. Z-BUS Interrupt Schedule 
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Functional 
Description 
(Continued) 


in the baud rate generator, or by the detection 
of a Break (Asynchronous mode), Abort (SDLC 
mode) or EOP (SDLC Loop mode) sequence in 
the data stream. The interrupt caused by the 
Abort or EOP has a special feature allowing 
the Z-SCC to interrupt when the Abort or EOP 
sequence is detected or terminated. This 
feature facilitates the proper termination of the 
current message, correct initialization of the 
next message, and the accurate timing of the 
Abort condition in external logic in SDLC 
mode. In SDLC Loop mode, this feature allows 
secondary stations to recognize the wishes of 
the primary station to regain control of the 
loop during a poll sequence. 


CPU/DMA Block Transfer. The Z-SCC pro- 
vides a Block Transfer mode to accommodate 


The Z-SCC internal structure includes two 
full-duplex channels, two baud rate 
generators, internal control and interrupt 
logic, and a bus interface to the Zilog Z-Bus. 
Associated with each channel are a number of 


Architecture 
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CPU 
BUS 1/0 INTERNAL BUS 


INTERRUPT 
CONTROL 
LOGIC 


INTERRUPT 
CONTROL 
LINES 


tt 


+5 V GND PCLK 


CHANNEL A 
REGISTERS 


CHANNEL B 
REGISTERS 


BAUD RATE 


GENERATOR 
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CPU block transfer functions and DMA con- 
trollers. The Block Transfer mode uses the 
WAIT/REQUEST output in conjunction with the 
Wait/Request bits in WR1. The WAIT/ 
REQUEST output can be defined under soft- 
ware control as a WAIT line in the CPU Block 
Transfer mode or as a REQUEST line in the 
DMA Block Transfer mode. 

To a DMA controller, the Z-SCC REQUEST 
output indicates that the Z-SCC is ready to 
transfer data to or from memory. To the CPU, 
the WAIT line indicates that the Z-SCC is not 
ready to transfer data, thereby requesting that 
the CPU extend the I/O cycle. The DTR/ 


REQUEST line allows full-duplex operation 


under DMA control. 


read and write registers for mode control and 
status information, as well as logic necessary to 
interface to modems or other external devices 
(Figure 8). 

The logic for both channels provides 


BAUD RATE 


GENERATOR 
A 


« SERIAL DATA 
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DISCRETE 
CONTROL 
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A 
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DISCRETE 
CONTROL 
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B 


<——— 
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Figure 8. Block Diagram of Z-SCC Architecture 
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Figure 9. Data Path 
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Architecture 
(Continued) 


formats, synchronization, and validation for 
data transferred to and from the channel inter- 
face. The modem control inputs are monitored 
by the control logic under program control. 
All of the modem control signals are general- 
purpose in nature and can optionally be used 
for functions other than modem control. 

The register set for each channel includes 
ten control (write) registers, two sync 
character (write) registers, and four status 
(read) registers. In addition, each baud rate 
generator has two (read/write) registers for 
holding the time constant that decermines the 
baud rate. Finally, associated with the inter- 
rupt logic is a write register for the interrupt 
vector accessible through either channel, a 
write-only Master Interrupt Control register 
and three read registers: one containing the 
vector with status infomation (Channel B only), 
one containing the vector without status 
(Channel A only), and one containing the 
Interrupt Pending bits (Channel A only). 

The registers for each channel are 
designated as follows: 


WRO-WR15 — Write Registers 0 through 15. 


RRO-RR3, RR1O, RR12, RR13, RR15 — Read 
Registers 0 through 3, 10, 12, 13, 15. 


Table 1 lists the functions assigned to each 
read or write register. The Z-SCC contains 
only one WR2 and WR9, but they can be 
accessed by either channel. All other registers 
are paired (one for each channel). 


Data Path. The transmit and receive data path 
illustrated in Figure 9 is identical for both 
channels. The receiver has three 8-bit buffer 
registers in an FIFO arrangement, in addition 
to the 8-bit receive shift register. This scheme 
creates additional time for the CPU to service 
an interrupt at the beginning of a block of 
high speed data. Incoming data is routed 
through one of several paths (data or CRC) 
depending on the selected mode (the character 
length in Asynchronous modes also determines 
the data path). 

The transmitter has an 8-bit Transmit Data 


buffer register loaded from the internal data 
bus and a 20-bit Transmit Shift register that 
can be loaded either from the synchronous 
character registers or from the Transmit Data 
register. Depending on the operational mode, 
outgoing data is routed through one of four 
main paths before it is transmitted from the 
Transmit Data output (TxD) 


Read Register Functions 


RRO Transmit/Receive buffer status and External status 

RR1 Special Receive Condition status 

RR2 Modified interrupt vector (Channel B only) 
Unmodified interrupt vector (Channel A only) 

RR3 Interrupt Pending bits (CKannel A only) 

RR8 Receive buffer 

RR10 = Miscellaneous status 

RR12 ~~ Lower byte of baud rate generator time constant 

RR13 + Upper byte of baud rate generator time constant 

RR15 ~—_— External/Status interrupt information 

Write Register Functions 

WRO ~~ CRC initialize, initialization commands for the 
various modes, shift right/shift left command 

WRI Transmit/Receive interrupt and data transfer mode 
definition 

WR2 Interrupt vector (accessed through either channel) 

WR3 Receive parameters and control 

WR4 Transmit/Receive miscellaneous parameters and 
modes 

WRS5 Transmit parameters and controls 

WR6 Sync characters or SDLC address field 

WR7 Sync character or SDLC flag 

WR8 Transmit buffer 

WR9Y Master interrupt control and reset (accessed 
through either channel) 

WR10 Miscellaneous transmitter/receiver control bits 

WR11 Clock mode control 

WR12 _ Lower byte of baud rate generator time constant 

WR13 _ +Upper byte of baud rate generator time constant 

WR14_ Miscellaneous contro! bits 

WRI15 _ External/Status interrupt control 


Table 1. Read and Write Register Functions 


Programming 


The Z-SCC contains 13 write registers in 
each channel that are programmed by the 
system separately to configure the functional 
personality of the channels. All of the registers 
in the Z-SCC are directly addressable. How 
the Z-SCC decodes the address placed on the 
address/data bus at the beginning of a Read or 
Write cycle is controlled by a command issued 
in WROB. In the Shift Right mode the channel 
select A/B is taken from ADg and the state of 
ADs is ignored. In the Shift Left mode A/B is 
taken from ADs and the state of ADo is 


ignored. ADy and AD¢ are always ignored as 
address bits and the register address itself 
occupies AD,-AD). 

The system program first issues a series of 
commands to initialize the basic mode of 
operation. This 1s followed by other commands 
to qualify conditions within the selected mode. 
For example, the Asynchronous mode, 
character length, clock rate, number of stop 
bits, even or odd parity might be set first. 
Then the Interrupt mode would be set, and 
finally, receiver or transmitter enable. 


184 


Programming Read Registers. The Z-SCC contains eight 


Interrupt Pending (IP) bits (Channel A). 


(Continued) read registers (actually nine, counting the Figure 10 shows the formats for each read 
receive buffer [RR8]) 1n each channel. Four of register. 
these may be read to obtain status information The status bits of RRO and RR1 are carefully 
(RRO, RR1, RR1O, and RR15). Two registers grouped to simplify status monitoring; e.g., 
(RR12 and RR13) may be read to learn the when the interrupt vector indicates a Special 
baud rate generator time constant. RR2 con- Receive Condition interrupt, all the appro- 
tains either the unmodified interrupt vector priate error bits can be read from a single 
(Channel A) or the vector modified by status register (RR1). 
information (Channel B). RR3 contains the 
Read Register 0 Read Register 10 
[2,[>.]>:[. [0 [o2[0, [00] [By | De | Ds |B, ] Ds ] De | Ds | Do | 
| & Rx CHARACTER AVAILABLE | L 0 
ZERO COUNT ON LOOP 
Tx BUFFER EMPTY 0 
DCD 0 
SYNC/HUNT LOOP SENDING 
CTS 0 
Tx UNDERRUN/EOM TWO CLOCKS MISSING 
BREAK/ABORT ONE CLOCK MISSING 
Read Register 1 Read Register 12 
[D7 [Ds [Ds [Dy | Ds | De | Dy | Do | [Dr [Bs [Ds [D4] Ds [Bz | Dy | Do | 
| i ALL SENT | L TCo 
RESIDUE CODE 2 TC 
RESIDUE CODE 1 TC2 
RESIDUE CODE 0 TCs \) LOWER BYTE OF 
PARITY ERROR TC, TIME CONSTANT 
Rx OVERRUN ERROR TCs 
CRC/FRAMING ERROR TC5 
END OF FRAME (SDLC) TC? 
Read Register 2 Read Register 13 
[>]: [0s [>.] 0; [02[; [>] [Dy | De | Ds | Ds | D5 | Dz | Dy | Do | 
| = | L TCg 
TCg 
TCio 
: TCH 
* UPPER BYTE OF 
Ya TERRE VECTOR TCi2 (TIME CONSTANT 
V5 TC13 
Ve TC14 
V7 TCis 
*MODIFIED IN B CHANNEL 
Read Register 3 Read Register 15 
a ae [o-[.]9s[>. [02] >, ] 0] 
bie CHANNEL B EXT/STAT IP* | L, 
ee B Tx IP* ZERO COUNT IE 
CHANNEL B Rx IP* 
CHANNEL A EXTI/STAT IP* DCD IE 
CHANNEL A Tx IP* SYNC/HUNT IE 
CHANNEL A Rx IP* CTS IE 
0 Tx UNDERRUN/EOM IE 
0 BREAK/ABORT IE 
*ALWAYS 0 IN B CHANNEL 
Figure 10. Read Register Bit Functions 
2016-005 
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Programming Write Registers. The Z-SCC contains 13 write 
(Continued) registers (14 counting WR8, the transmit 
buffer) in each channel. These write registers 


WR) shared by the two channels that may be 
accessed through either of them. WR2 contains 
the interrupt vector for both channels, while 


are programmed separately to configure the 
functional “personality” of the channels. In 
addition, there are two registers (WR2 and 


Write Register 0 


WR9 contains the interrupt control bits. Figure 
11 shows the format of each write register. 


Write Register 3 
[2] [0s]. [0s]. [; [Po] 


Rx ENABLE 

SYNC CHARACTER LOAD INHIBIT 
ADDRESS SEARCH MODE (SDLC) 
Rx CRC ENABLE 

ENTER HUNT MODE 


: 


10 | 0 | NULL CODE 
10 | 4 | NULL CODE 


14 | 0 | SELECT SHIFT LEFT MODE* 
11 | 1 | SELECT SHIFT RIGHT MODE* 


0 AUTO ENABLES 
NULL CODE 10 | 0 | Rx 5 BITSICHARACTER 
NULL CODE |0 | 1 | Rx 7 BITSICHARACTER 
RESET EXT/STATUS INTERRUPTS | 1 | 0 | Rx 6 BITSICHARACTER 


SEND ABORT | 1 | 1 | Rx 8 BITSICHARACTER 
ENABLE INT ON NEXT Rx CHARACTER 
RESET Tx INT PENDING 

ERROR RESET 

RESET HIGHEST 1US 


Write Register 4 


Lr] De [Ds [4] Bs [2] Dy | Do) 


| g PARITY ENABLE 
PARITY EVEN/ODD 
| 0 | 0 | SYNC MODES ENABLE 
|o | 4 | 1 STOP BITICHARACTER 
| 1| 0 | 1% STOP BITSICHARACTER 
| 1] 1 | 2 STOP BITS/CHARACTER 
Ste 8 BIT SYNC CHARACTER 
16 BIT SYNC CHARACTER 


10 | 0 | NULL cope 


| o | 1 | RESET Rx CRC CHECKER 
| 1 | 0 | RESET Tx CRC GENERATOR 
| 1| 1 | RESET Tx UNDERRUN/EOM LATCH 


* B CHANNEL ONLY 


Write Register 1 
[D7 | Dg | Ds [Dy | Ds | De | Ds | Do | 
| a EXT INT ENABLE 
Tx INT ENABLE 


PARITY IS SPECIAL CONDITION 


10 | 0 | Rx INT DISABLE 


| 0 | 1 | Rx INT ON FIRST CHARACTER OR SPECIAL CONDITION 
| 1] 0 | INT ON ALL Rx CHARACTERS OR SPECIAL CONDITION 
| 1 | 1 | Rx INT ON SPECIAL CONDITION ONLY 


“44 SDLC MODE (01111110 FLAG) 
| 1 | 1 | EXTERNAL SYNC MODE 


| 0 | 0 | X1 CLOCK MODE 
|| 4 | x16 CLOCK MODE 
| 10 | x32 CLOCK MODE 
X64 CLOCK MODE 


WAITIDMA REQUEST ON RECEIVE/TRANSMIT 
WAITIDMA REQUEST FUNCTION 
WAITIDMA REQUEST ENABLE 


Write Register 5 
CICS CICACACALALA 


| L Tx CRC ENABLE 
RTS 


Write Register 2 


SDLCICRC-16 
[By | De | Ds | Dy | Ds | De | Dy | Do | Tx ENABLE 

te SEND BREAK 

Vo 

v1 fo [0 | 1x5 BITS (OR LESSVCHARACTER 

V2 10 | 1 | 1x7 BITSICHARACTER 

V3 11 | 0 | Tx 6 BITSICHARACTER 

Vi. 7 SERRE TESTOR 1111) 1x8 BITSICHARACTER 

bie DTR 

Ve 

V7 


Write Register 6 


[7 |e [Ds | Ds [a | Da | D1 | Do 


SYNC7 SYNC5 SYNCs SYNC, SYNC3 SYNC2 SYNC, SYNCo MONOSYNC, 8 BITS 
SYNC, SYNCo SYNCs SYNC, SYNC3 SYNC2 SYNC, SYNCo MONOSYNC, 6 BITS 
SYNC7 SYNCg5 SYNCs SYNC, SYNC3 SYNC2 SYNC, SYNCo —sCiBISYNC, 16 BITS 

SYNC3 SYNC2 SYNC; SYNCo 1 1 1 1 BISYNC, 12 BITS 

ADR7 ADRs ADRs ADR, ADR3 ADR2 ADR, ADRo SDLC 

ADR? ADRe ADRs ADR, x x x x SDLC (ADDRESS RANGE) 


Figure 11. Write Register Bit Functions 
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Programming 
(Continued) 


Write Register 7 


at 


SYNC7 SYNCg5 SYNCs5 SYNC, SYNC3 

SYNCs SYNC, SYNC3 SYNC2 SYNC, 

SYNCi5 SYNCi4 SYNC 43 SYNC12 SYNC44 

SYNC3, SYNCio9 SYNCg SYNCs8 SYNC7 
0 1 1 1 1 


Write Register 9 


[Dr | Bs [Ds | Ds [Ds | Ds [Ds [Do | 


DLC 

MIE 

STATUS HIGH/STATUS LOW 
0 


|0 | 0 | NO RESET 
10 | 1 | CHANNEL RESET B 
| 1 | 0 | CHANNEL RESET A 


FORCE HARDWARE RESET 


Write Register 10 


[Dr | Ds [Ds [Ds {Da [D2 | Dy | Do) 


| + 6 BIT/8 BIT SYNC 

LOOP MODE 
ABORT/FLAG ON UNDERRUN 
MARK/FLAG IDLE 


GO ACTIVE ON POLL 


| 1 | 0 | FM1(TRANSITION = 1) 


FMO (TRANSITION = 0) 


CRC PRESET 1/0 


Write Register 11 
CACACICACICIENLS 


xC OUT = XTAL OUTPUT 
TRxC OUT = TRANSMIT CLOCK 
TRxC OUT = BR GENERATOR OUTPUT 
TRxC OUT = DPLL OUTPUT 


= RTxC PIN 

= TRxC PIN 

= BR GENERATOR OUTPUT 
= DPLL OUTPUT 


H 


| 0 | 0 | RECEIVE CLOCK = ATxC PIN 

|0 | 1 | RECEIVE CLOCK = TRXC PIN 

| 1 | 0 | RECEIVE CLOCK = BR GENERATOR OUTPUT 
| 1] 1 | RECEIVE CLOCK = DPLL OUTPUT 


RTxC XTALINO XTAL 


Lr] Bs [Bs | Ds [Bs [Ds | Ds | Do 


SYNC2 SYNC, SYNCg MONOSYNC, 8 BITS 
SYNCo x x MONOSYNC, 6 BITS 
SYNCi0 SYNCg SYNCg _—sCiBISYNC, 16 BITS 
SYNC5 SYNCs5 SYNC, __BISYNC, 12 BITS 

1 1 0 SDLC 


Write Register 12 


[7] De [Ds [De] Ds [2] Ds | Do) 


| L TCo 
TC, 
TC2 

TCs LOWER BYTE OF 

TC, { TIME CONSTANT 


Write Register 13 


[Dr] Be | Bs [Ds [Ds | Da | Ds [Do 


TCs 

TCg 

TCi9 

TC11 | UppeR BYTE OF 
TC12 ( TIME CONSTANT 


TC43 
TC14 
TC45 


Write Register 14 


Lr | Be | Ds [Ds | Ds | Dz | Ds | Do, 


| Le BR GENERATOR ENABLE 
BR GENERATOR SOURCE 
DTR/REQUEST FUNCTION 


AUTO ECHO 
LOCAL LOOPBACK 


NULL COMMAND 

ENTER SEARCH MODE 

RESET MISSING CLOCK 
DISABLE DPLL 

SET SOURCE = BR GENERATOR 
SET SOURCE = RTxC 

SET FM MODE 

SET NRZi MODE 


Write Register 15 


[7] Be | Ds [Ds] D, [D2] By | Do| 


[ir 


ZERO COUNT IE 

0 

DCD IE 

SYNC/HUNT IE 

CTS IE 

Tx UNDERRUN/EOM IE 
BREAK/ABORT IE 


Figure 11. Write Register Bit Functions (Continued) 
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The Z-SCC generates internal control signals 
from AS and DS that are related to PCLK. 
Since PCLK has no phase relationship with 
AS and DS, the circuitry generating these 
internal control signals must provide time for 
metastable conditions to disappear. This gives 
rise to a recovery time related to PCLK. The 
recovery time applies only between bus trans- 
actions involving the Z-SCC. The recovery 
time required for proper operation is specified 
from the rising edge of DS in the first transac- 
tion involving the Z-SCC to the falling edge of 


DS in the second transaction involving the 
Z-SCC. This time must be at least 6 PCLK 
cycles plus 200 ns. 


Read Cycle Timing. Figure 12 illustrates read 
cycle timing. The address on ADp-AD7 and 
the state of CSo and INTACK are latched by 
the rising edge of AS. R/W must be High to 
indicate a Read cycle. CS; must also be High 
for the Read cycle to occur. The data bus 
drivers in the Z-SCC are then enabled while 
DS is Low. 


(a. 2a 


ADo-AD7 


ADDRESS 


Figure 12. Read Cycle Timing 


Write Cycle Timing. Figure 13 illustrates 

Write cycle timing. The address on ADo-AD7 
and the state of CSo and INTACK are latched 
by the rising edge of AS. R/W must be Low to 


indicate a Write cycle. CS; must be High for 
the Write cycle to occur. DS Low strobes the 
data into the Z-SCC. 


CSo \ / 
INTACK / \ 


Figure 13. Write Cycle Timing 


Interrupt Acknowledge Cycle Timing. 

Figure 14 illustrates Interrupt Acknowledge 
cycle timing. The address on ADo-AD7 and 
the state of CSg and INTACK are latched by 


the rising edge of AS. However, if INTACK is 
Low, the address and CSg are ignored. The 
state of the R/W and CS, are also ignored for 
the duration of the Interrupt Acknowledge 


2016-007, 008 


Timing cycle. Between the rising edge of AS and the intended for the Z-SCC. In this case, the 


(Continued) falling edge of DS, the internal and external Z-SCC may be programmed to respond to DS 
IEI/IEO daisy chains settle. If there is an inter- Low by placing its interrupt vector on 
rupt pending in the Z-SCC and IEI is High ADop-AD7. It then sets the appropriate 
when DS falls, the Acknowledge cycle was Interrupt-Under-Service latch internally. 
AS 
a. Xeno XK 
ADo-AD7 .--9 
seseeseinsncneneantansttisininenieeiintniniasinin” 
Figure 14. Interrupt Acknowledge Cycle Timing 
Absolute Voltages on all inputs and outputs Stresses greater than those listed under Absolute Max- 
Maximum with respect to GND -0.3Vto +7.0V mum Ratings may cause permanent damage to the device. 
Agise: 0 te eee , : This 1s a stress rating only; operation of the device at any 
atings Operating Ambient condition above those indicated 1n the operational sections 
Temperature ..............00- As Specified in of these specifications 1s not mphed. Exposure to absolute 
Orden Inf ti maximum rating conditions for extended periods may affect 
Testing someon device reliability. 
Storage Temperature........ -65°C to +150°C 
Standard The characteristics below apply for the @+4.75V < Voc Ss +5.25V 
Test _ following standard test conditions, unless mw GND =OV 
Conditions otherwise noted. All voltages are referenced to fla 
GND. Positive current flows into the refer- @ Tq as specitied in Ordering Information 
enced pin. Standard conditions are as follows: All ac parameters assume a load capacitance 
of 50 pF max. 
+5V 
21K +5V 
FROM OUTPUT 
UNDER TEST 2.2K 
FROM OUTPUT 
ibe 2s0 UNDER TEST 
| T 50 pF 
Figure 15. Standard Test Load Figure 16. Open-Drain Test Load 
DC Symbol Parameter Min Max Unit Condition 
Charac- 
teristics Vin Input High Voltage 2.0 Veco +0.3 V 
Vit Input Low Voltage -0.3 0.8 V 
Vou Output High Voltage 2.4 V Ion = —250 pA 
VoL Output Low Voltage 0.4 V Io, = +2.0 mA 
hi Input Leakage + 10.0 pA 0.4 < Vin Ss +2.4V 
lor Output Leakage + 10.0 pA 0.4 < Vout = +2.4V 
lec Vec Supply Current 250 mA 
Vcoc= 5 V + 5% unless otherwise specified, over specified temperature range. 
Capacitance Symbol Parameter Min Max Unit Test Condition 
Cin Input Capacitance 10 pF Unmeaearsd pine 
Court Output Capacitance IS pF Returned to Ground 
Cyo Bidirectional Capacitance 20 pF 


f = 1 MHz, over specified temperature range 
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Read and 


Write AS 
Timing @ i G) 
oI XO 
@ oA 
o oo 
oC 
wa ie) «OEE 
© a i aaa 
a 
a] ® 
fe ES en ) 
EO 
Cs oe 
a ae oO 
@ _—————— eae 
ate im @ 2 eee | 
Con izon 
tere ‘imp aD fa 
® re a © 
es as 
hanes als Se SUE oe we eee 
nee ase 
WIREQ 
WAIT 
WIREQ 
REQUEST = 
DTR/REQ 
REQUEST 
INT 
4 MHz 6 MHz 
No. Symbol Parameter Min Max Min Max Notes*f 
1 TwAS AS Low Width 70 50 
2  TdDS(AS) DS t to_AS | Delay | 50 25 
3. TsCSO(AS) CSo to AS t Setup Time 0 0 l 
4 ThCSO(AS) CSo to AS t Hold Time 60 40 l 
5 —TsCS1(DS) ———CS, to DS | Setup Time 100 80 |—— 
6 ThCS1(DS) CS) to DS t_ Hold Time bo 40 
7  TslA(AS) INTACK to AS t Setup Time 0 @) 
8  ThIA(AS) INTACK to AS_t Hold Time 250 250 
9  TsRWR(DS) R/W (Read) to DS | Setup Time 100 80 
10-— ThRW(DS)———R/W to DS t Hold Time 55 40 
1] TsRWW(DS) R/W (Write) to DS | Setup Time ) 0 
12  TdAS(DS) AS t to DS | Delay 60 40 
13. TwDSl DS Low Width 390 250 
14 TrC Valid Access Recovery Time 6TcPC 6TcPC 2 
os + 200 + 130 
15 —TsA(AS) ————-Adaress to AS t Setup Time 30 10 sie 
16 ThA(AS) Address to AS t Hold Time 50 30 
17. TsDW(DS) Write Data to DS | Setup Time 30 20 
18 ThDW(DS) Write Data to DS | Hold Time 30 20 
19 TdDS(DA) DS | to Data Active Delay 0 0 
20 — TdDSr(DR) ———DS | to Read Data Not Valid Delay 0 0 
21  TdDS£DR) DS | to Read Data Valid Delay 250 180 
22 TdAS(DR) S t to Read Data Valid Delay 520 335 
NOTES 


1. Parameter does not apply to Interrupt Acknowledge 
transactions 


2 Parameter applies only between transactions involving the SCC 
*Timings are preliminary and subject to change 
tUnits in nanoseconds (ns) 
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Interrupt 


Acknowledge AS 
Timing +O 
INTACK 
(8) 
bs 
@) 
ADo-AD7 


Reset 
Timing 
Cycle 
Timing pitte 
4 MHz 6 MHz 
No. Symbol Parameter Min Max Min Max Notes*t 
23 TdDS(DRz) DS t to Read Data Float Delay 70 45 3 
24  TdA(DR) Address Required Valid to Read Data Valid Delay 570 420 
25 TdDS(W) DS | to Wait Valid Delay 240 200 4 
26 TdDSf(REQ) DS | to W/REQ Not Valid Delay 240 200 
27 —TdDSr(REQ)-——— DS t to DTR/REQ Not Valid Delay 5TcPC 5TcPC 
ais = + 300 + 250 
28 TdAS(INT) AS t to INT Valid Delay 500 500 4 
29. TdAS(DSA) AS ft to DS | (Acknowledge) Delay 250 250 5 
30 TwDSA 5S (Acknowledge) Low Width 390 250 
31 TdDSA(DR) DS |} (Acknowledge) to Read Data Valid Delay 250 180 
32 —TsIEI(DSA) ———IEI to DS | (Acknowledge) Setup Time 120 100 
33 ThIEI(DSA) IEI to DS t (Acknowledge) Hold Time 0 0 
34 TdlEI(IEO) IEI to IEO Delay 120 100 
35 TdAS(IEO) AS t to IEO Delay a 250 250 6 
36 TdDSA(INT) DS | (Acknowledge) to INT Inactive Delay 500 500 4 
37 —- TdDS(ASQ) ——— DS ft to AS | Delay for No Reset 30 eee 5 
38 TdASQ(DS) AS t to DS | Delay for No Reset 30 30 
39. TwRES AS and DS Coincident Low for Reset 250 250 7 
40 TwPCl PCLK Low Width 105 2000 70 1000 
41 TwPCh PCLK High Width 105 2000 70 1000 
42— TcPC PCLK Cycle Time 250 —— 4000 165 —— 2000 
43. TrPC PCLK Rise Time 20 15 
44 TtPC PCLK Fall Time 20 10 
NOTES: 


3 Float delay is defined as the time required for a +0.5 V change 
in the output with a maximum dc load and minimum ac load. 

4 Open-drain output, measured with open-drain test load. 

5. Parameter is system dependent. For any Z-SCC in the daisy 
chain, TdAS(DSA) must be greater than the sum of TdAS(IEO) 
for the highest priority device in the daisy chain, TsIEI(DSA) 
for the Z-SCC, and TdIEIf(IEO) for each device separating them 
in the daisy chain. 


6. Parameter applies only to a Z-SCC pulling INT Low at the 
beginning of the Interrupt Acknowledge transaction. 
7. Internal circuitry allows for the reset provided by the Z8 to be 
recognized as a reset by the Z-SCC. 
* Timings are preliminary and subject to change. All timing refer- 
ences assume 2.0 V for a logic “1” and 0 8 V for a logic “0”. 
t Units in nanoseconds (ns). 
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General 


_ ~ fp AY 
—— 


WIRES 
REQUEST 


WIREQ 
WAIT 


RTxe, TRxC 
RECEIVE 
W maa 


en aaa 
i i 
EXTERNAL 
(10) 
TR«C, RTxC 
TRANSMIT 
(i) (12) 
TxD (| 
@) 
TRxC ) 
OUTPUT 
(14) (15) 
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No. Symbol Parameter 


1  TdPC(REQ) PCLK |} to W/REO Valid 

2 TdPC(W) PCLK | to Wait Inactive Delay 

3 TsRXC(PC) RxC 1! to PCLK t Setup Time 

4  TsRXD(RXCr) RxD to RxC t Setup Time (X1 Mode) 
5 —ThRXD(RXCr) — RxD to RxC 1 Hold Time (X1 Mode) 
6 TsRXD(RXCf) RxD to RxC | Setup Time (X1 Mode) 
7  ThRXD(RXCf) RxD to RxC | Hold Time (X1 Mode) 
8  TsSY(RXC) SYNC to RxC t Setup Time 

9  ThSY(RXC) SYNC to RxC 1t Hold Time 


10 —TsTXC(PC) TxC | to PCLK t Setup Time 

11 TATXCi(TXD) TxC | to TxD Delay (X1 Mode) 

12. TdTXCr(TXD)  TxC t to TxD Delay (X1 Mode) 

iS TdTXD(TRX) TxD to TRxC Delay (Send Clock Echo) 


14 TwRTXh RTxC High Width 

15 —TwRTX1———— RTxC Low Width 

16 TcRTX RTxC Cycle Time 

17. ToRTXX Crystal Oscillator Period 
18 TwTRXh TRxC High Width 

19 TwTRX1 TRxC Low Width 

20 —TcTRX ————— TRxC Cycle Time 

21 TwEXT DCD or CTS Pulse Width 
22 TwSY SYNC Pulse Width 

NOTES 


RxC 1s RTxC or TRxC, whichever 1s supplying the receive 
LOCK a aa 

TxC is TRxC or RTxC, whichever is supplying the transmit 
clock, — 

Both RTxC and SYNC have 30 pf capacitors to the ground 
connected to them 


GO NO 


Min Max Min Max Notes*+ 
250 250 
350 350 
50 50 1,4 
0 0 1 
150 150 == 
0 0 1s 
150 150 Re 
-200 -~200 ] 
3TcPC 3TcPC 
+ 200 + 200 1 
0 0 2,4— 
300 300 2 
300 300 2,5 
200 200 
180 180 
180 180 
400 400 
250 1000 250 1000 3 
180 180 
180 180 
400 400 
200 200 
200 


= 


4 Parameter applies only if the data rate 1s one-fourth the PCLK 
rate In all other cases, no phase relationship between RxC and 
PCLK or TxC and PCLK 1s required 

5 Parameter applies only to FM encoding/decoding 

* Timings are preliminary and subject to change 

t Units in nanoseconds (ns) 
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System ae 
Timing gage 


WIREQ 
REQUEST 


WIREQ 
WAIT 


RTxC, TRxC 
TRANSMIT 


WIREQ 
REQUEST 


WIREQ 
WAIT 


DTR/IREQ 
REQUEST 


(i) 
4 MHz 6 MHz 
No. Symbol Parameter Min Max Min Max Notes* 
1 TdRXC(REQ)  RxC t to W/REQ Valid Delay 8 12 8 12 2,4 
2  TdRXC(W) RxC t to Wait Inactive Delay 8 12 8 12 1,2,4 
3. TdRXC(SY) RxC t to SYNC Valid Delay 4 7 4 7 2,4 
4  TdRXC(INT) RxC t INT Valid Delay 8 12 8 12 1,2,4 
+2 +3 +2 +3 5 
5 TdT XC(REO)——TxC | to W/REO Vahd Delay ———=————— 5 ——_ 9 — 5 = 9 9 4 
6  TdTXC(W) TxC | to Wait Inactive Delay 5 8 5 8 ad 
7  TdTXC(DROQ) TxC | to DTR/REQ Valid Delay 4 7 4 7 3,4 
8  TdTXC(INT) TxC | to INT Valid Delay 4 6 4 6 1,3,4 
+2 +3 +2 +3 5 
9  TdSY(INT) SYNC Transition to INT Valid Delay 2 3 2 3 1,5 
10  TdEXT(INT) DCD or CTS Transition to INT Valid Delay 2 3 2 3 1,5 
NOTES 
1. Open-drain output, measured with open-drain test load. 4 Units equal to TcPC 
2. RxC is RTxC or TRxC, whichever is supplying the receive 5. Units equal to AS. 
clock. ie * Timings are preliminary and subject to change 
3 TxC 1s TRxC or RTxC, whichever‘is supplying the transmit 
clock. 
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Ordering 
Information 


Product Package/ Product Package/ 

Number Temp Speed Description Number Temp Speed Description 
Z8030 CE 4.0 MHz Z-SCC (40-pin) Z8030A CE 6.0 MHz Z-SCC (40-pin) 
Z8030 CM 4.0 MHz Same as above Z8030A CM 6.0 MHz Same as above 
Z8030 CMB 4.0 MHz Same as above Z8030A CMB _ 6.0 MHz Same as above 
Z8030 Co 4.0 MHz Same as above Z8030A CS 6.0 MHz Same as above 
Z8030 DE 4.0 MHz Same as above Z8030A DE 6.0 MHz Same as above 
Z8030 DS 4.0 MHz Same as above Z8030A DS 6.0 MHz Same as above 
Z8030 PE 4.0 MHz Same as above Z8030A PE 6.0 MHz Same as above 
Z8030 Bo 4.0 MHz Same as above Z8030A PS 6.0 MHz Same as above 
NOTES: C = Ceramic, D = Cerdip, P = Plastic; E = -40°C to +85°C, M = -55°C to 125°C, MB = -55°C to 125°C with MIL-STD-883 


with Class B processing, S = 0°C to +70°C 
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Z8031 Z8000™ Z-ASCC 
Asynchronous Serial 


Communications Controller 


Product 


afi a 
Zilog Specification 
June 1982 
Features @ Two independent, 0 to 1M bit/second, tfull- m Asynchronous communications with five to 
duplex channels, each with a separate eight bits per character and one, one and 
crystal oscillator, baud rate generator, and one-half, or two stop bits per character; pro- 
Digital Phase-Locked Loop for clock grammable clock factor; break detection 
recovery. and generation; parity, overrun, and fram- 
™ Programmable for NRZ, NRZI, or FM data ing error detection. 
encoding. ® Local Loopback and Auto Echo modes. 
General The Z8031 Z-ASCC Asynchronous Serial The Z-ASCC has facilities for modem 
Description Communications Controller 1s a dual-channel controls in both channels. In applications 
data communications peripheral designed tor where these controls are not needed, the 
use with the Zilog Z-BUS. The Z-ASCC func- modem controls can be used for general- 
tions as a serial-to-parallel, parallel-to-serial purpose I/O. 
converter/controller. The device contains a The Z-BUS daisy-chain interrupt hierarchy 
variety of new, sophisticated internal functions is also supported—as 1s standard for Zilog 
including on-chip baud rate generators, peripheral components. 
Digital Phase-Locked Loops, and crystal The Z8031 Z-ASCC 1s packaged 1n a 40-pin 
oscillators that dramatically reduce the need ceramic DIP and uses a single +5 V power 
for external logic. supply. 
<— TxDA 
RxDA ee DATA AD, 1 ADo 
ADs TRxCA CHANNEL hs = 
ADDRESS! RTxCA CLOCKS fa — ee 
DATA BUS | <—» RIA Chin oe — a 
WIREQA CHANNEL NT ta ® = 
DTRIREQA phd 1EO L| 6 AS 
AD, TT aa ee el [} 7 RW 
BUS AS CTSA [(~—— | OTHER INTACK 8 CSo 
imine { sabe +5v (19 Cs; 
AND RESET pene WIREGR NG 
CONTROL os DATA __RIA WIREGE 
CSo TRxCB CHANNEL ape BIE: 
INT RTxCB CLOCKS _RxDA RTxCB 
INTACK RIB Lia ae 
INTERRUPT ee aikEGE Saal CH-B TxDA TRxCB 
IEO —-«CDTRIREGE CONTROLS ino a 
Te oak eae aise DTRIREQB 
28031 CTSB OTHER cee : eae 
Z-ASCC cbB DCDA cTsB 
PCLK DCDB 
+5V GND PCLK 
Figure 1. Pin Functions Figure 2. Pin Assignments 
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Pin 
Description 


The following section describes the pin 
functions of the Z-ASCC. Figures 1 and 2 
detail the respective pin functions and pin 
assignments. 


ADy-AD 7. Address/Data Bus (bidirectional, 
active High, 3-state). These multiplexed lines 
carry register addresses to the Z-ASCC as well 
as data or control information to and from 


the Z-ASCC. 


AS. Address Strobe (input, active Low). 
Addresses on ADg-AD7 are latched by the ris- 
ing edge of this signal. 


CSo. Chip Select 0 (input, active Low). This 
signal is latched concurrently with the 
addresses on ADop-AD7 and must be active for 
the intended bus transaction to occur. 


CS). Chip Select 1 (input, active High). This 
second select signal must also be active before 
the intended bus transaction can occur. CS] 
must remain active throughout the transaction. 


CTSA, CTSB. Clear to Send (inputs, active 
Low). If these pins are programmed as Auto 
Enables, a Low on the inputs enables their 
respective transmitters. If not programmed as 
Auto Enables, they may be used as general- 
purpose inputs. Both inputs are Schmitt-trigger 
buffered to accommodate slow rise-time inputs. 
The Z-ASCC detects pulses on these inputs 
and can interrupt the CPU on both logic level 
transitions. 


DCDA., DCDB. Data Carrier Detect (inputs, 
active Low). These pins function as receiver 
enables if they are programmed for Auto 
Enables; otherwise they may be used as 
general-purpose input pins. Both pins are 
Schmitt-trigger buffered to accommodate slow 
rise-time signals. The Z-ASCC detects pulses 
on these pins and can interrupt the CPU on 
both logic level transitions. 


DS. Data Strobe (input, active Low). This 
signal provides timing for the transfer of data 
into and out of the Z-ASCC. If AS and DS 


coincide, this is interpreted as a reset. 


DTR/REQA, DTR/REQB. Data Terminal 
Ready/Request (outputs, active Low). These 
outputs follow the state programmed into the 
DTR bit. They can also be used as general- 
purpose outputs or as Request lines for a DMA 
controller. 


IEI. Interrupt Enable In (input, active High). 
IEI is used with IEO to form an interrupt daisy 
chain when there is more than one interrupt- 
driven device. A High IEI indicates that no 
other higher priority device has an interrupt 
under service or is requesting an interrupt. 


IEO. /nterrupt Enable Out (output, active 
High). IEO is High only if IEI is High and the 
CPU is not servicing a Z-ASCC interrupt or 
the Z-ASCC is not requesting an interrupt 
(Interrupt Acknowledge cycle only). IEO is 


connected to the next lower priority device's 
IEI input and thus inhibits interrupts from 
lower priority devices. 


INT. Interrupt Request (output, open-drain, 
active Low). This signal 1s activated when the 
Z-ASCC requests an interrupt. 


INTACK,. /nterrupt Acknowledge (input, active 
Low). This signal indicates an active Interrupt 
Acknowledge cycle. During this cycle, the 
Z-ASCC interrupt daisy chain settles. When 
DS becomes active, the Z-ASCC places an 
interrupt vector on the data bus (if IEI 1s 
High). INTACK is latched by the rising edge 


of AS. 


PCLK. Clock (input). This is the master 
Z-ASCC clock used to synchronize internal 
signals. PCLK is not required to have any 
phase relationship with the master system 
clock, although the frequency of this clock 
must be at least 90% of the CPU clock fre- 
quency for a Z8000. PCLK is a TTL level 


signal. 


RxDA, RxDB. Receive Data (inputs, active 
High). These input signals receive serial data 
at standard TTL levels. 


RIA, RIB. Ring Indicator (inputs, active Low). 
These pins can act either as inputs or as part 
of the crystal oscillator circuit. 

In normal operation (crystal oscillator option 
not selected), these pins are inputs similar to 
CTS and DCD. In this mode, transitions on 
these lines affect the state of the Ring Indicator 
status bits in Read Register 0 (Figure 8) but 
have no other function. 


RTxCA, RTxCB. Receive/Transmit Clocks 
(inputs, active Low). These pins can be pro- 
grammed in several different modes of opera- 
tion. In each channel, RTxC may supply the 
receive clock, the transmit clock, the clock for 
the baud rate generator, or the clock of the 
Digital Phase-Locked Loop. These pins can 
also be programmed for use with the respec- 
tive RI pins as a crystal oscillator. The receive 
clock may be 1, 16, 32, or 64 times the data 
rate in Asynchronous modes. 


RTSA, RTSB. Request To Send (outputs, 

active Low). When the Request To Send (RTS) 
bit in Write Register 5 (Figure 9) 1s set, the 
RTS signal goes Low. When the RTS bit is 
reset and Auto Enable is on, the signal goes 
High after the transmitter is empty. With Auto 
Enable off, the RTS pin strictly follows the state 
of the RTS bit. Both pins can be used as 
general-purpose outputs. 


R/W. Read/Write (input). This signal specifies 
whether the operation to be performed is a 
read or a write. 


TxDA, TxDB. Transmit Data (outputs, active 
High). These output signals transmit serial data 
at standard TTL levels. 
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Pin TRxCA, TRxCB. Transmit/Receive Clocks W/REQA, W/REQB. Wait/Request (outputs, | 
Description (inputs or outputs, active Low). These pins can open-drain when programmed for a Wait func- : 
(Continued) be programmed in several different modes of tion, driven High or Low when programmed 
operation. TRxC may supply the receive clock for a Request function). These dual-purpose 
or the transmit clock in the input mode or sup- outputs may be programmed as Request lines 
ply the output of the Digital Phase-Locked for a DMA controller or as Wait lines to 
Loop, the crystal oscillator, the baud rate synchronize the CPU to the Z-ASCC data rate. 
generator, or the transmit clock in the output The reset state is Wait. 
mode. 
Functional The functional capabilities of the Z-ASCC handle data at a rate of 1, 1/16, 1/32, or 1/64 
Description can be described trom two different points of the clock rate supplied to the receive and 
of view: as a data communications device, transmit clock inputs. 
- ee anal tecee Gala ine Wide Baud Rate Generator. Each channel in the 
variety of data communications protocols} PROC reontaik i a eer 
as a Z8000 peripheral, it interacts with the ea a isa Menenae a 8b 
CPU and other peripheral circuits and is part SoustatOn Bech deneiaor Coles 0 Wwe eat 
oh hessysimn in iors strata: time constant registers that form a 16-bit hme 
constant, a 16-bit down counter, and a flip-flop N 
Data Communications Capabilities. The on the output producing a square wave. On = 
Z-ASCC provides two independent full-duplex startup, the flip-flop on the output is set in a Ge 
channels programmable for use in any com- High state, the value in the time constant we 
mon Asynchronous data communication pro- register 1s loaded into the counter, and the oy 
tocol. Figure 3 and the following description counter starts counting down. The output of La 
briefly detail this protocol. the baud rate generator toggles upon reaching ey 
Asynchronous Modes. Transmission and QO, the value in the time constant register is 
reception can be accomplished independently loaded into the counter, and the process 1s 
on each channel with five to eight bits per repeated. The time constant may be changed 
character, plus optional even or odd parity. at any time, but the new value does not take 
The transmitters can supply one, one-and-a- effect until the next load of the counter. 
half, or two stop bits per character and can The output of the baud rate generator may 
provide a break output at any time. The be used as either the transmit clock, the 
receiver break-detection logic interrupts the receive Clock, or both. It can also drive the 
CPU both at the start and at the end of a Digital Phase-Locked Loop (see next section). 
received break. Reception is protected from If the receive clock or transmit clock 1s not 
spikes by a transient spike-rejection programmed to come from the TRxC pin, the 
mechanism that checks the signal one-half a output of the baud rate generator may be 
bit time after a Low level is detected on the echoed out via the TRxC pin. 
receive data input (RxDA or RxDB in The following formula relates the time con- 
Figure 1). If the Low does not persist (as in the stant to the baud rate (the baud rate is in 
case of a transient), the character assembly bits/second and the BR clock period 1s in 
process does not start. seconds): 
Framing errors and overrun errors are 1 
detected and buffered together with the partial Pau Tals = Fame consignee (BR clock penod) 
character on which they occur. Vectored inter- 
rupts allow fast servicing of error conditions Digital Phase-Locked Loop. The Z-ASCC 
using dedicated routines. Furthermore, a contains a Digital Phase-Locked Loop (DPLL) 
built-in checking process avoids the interpreta- to recover clock intormation from a data 
tion of a framing error as a new start bit: a stream with NRZI or FM encoding. The DPLL is 
framing error results in the addition of one-half driven by a clock that is nominally 32 (NRZI) 
a bit time to the point at which the search for or 16 (FM) times the data rate. The DPLL uses 
the next start bit begins. this clock, along with the data stream, to con- 
The Z-ASCC does not require symmetric struct a clock for the data. This clock may then 
transmit and receive clock signals—a feature be used as the Z-ASCC receive clock, the 
allowing use of the wide variety of clock transmit clock, or both. 
sources. The transmitter and receiver can 
PARITY 
START STOP 
MARKING LINE | pata | | | pata | | | pata | | MARKING LINE 
ASYNCHRONOUS 
Figure 3. Z-ASCC Protocol 
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Functional 
Description 
(Continued) 


For NRZI encoding, the DPLL counts the 32x 
clock to create nominal bit times. As the 32x 
clock is counted, the DPLL is searching the 
incoming data stream for edges (either 1 to 0 
or 0 to 1). Whenever an edge is detected, the 
DPLL makes a count adjustment (during the 
next counting cycle), producing a terminal 
count closer to the center of the bit cell. 

For FM encoding, the DPLL still counts from 
O to 31, but with a cycle corresponding to two 
bit times. When the DPLL is locked, the clock 
edges in the data stream should occur between 
counts 15 and 16 and between counts 31 and 
QO. The DPLL looks for edges only during a 
time centered on the 15 to 16 counting 
transition. 

The 32x clock for the DPLL can be pro- 
grammed to come from either the RTxC input 
or the output of the baud rate generator. The 
DPLL output may be programmed to be 
echoed out of the Z-ASCC via the TRxC pin (if 
this pin is not being used as an input). 


Data Encoding The Z-ASCC may be pro- 
grammed to encode and decode the serial data 
in four different ways (Figure 4). In NRZ 
encoding, a 1 is represented by a High level 
and a 0 is represented by a Low level. In NRZI 
encoding, a 1 is represented by no change in 
level and a O is represented by a change in 
level. In FM1 (more properly, bi-phase mark) 
a transition occurs at the beginning of every 
bit cell. A 1 is represented by an additional 
transition at the center of the bit cell and a O is 
represented by no additional transition at the 
center of the bit cell. In FMO (bi-phase space), 
a transition occurs at the beginning of every 
bit cell. A 0 is represented by an additional 
transition at the center of the bit cell, anda l 
is represented by no additional transition at 
the center of the bit cell. In addition to these 
four methods, the Z-ASCC can be used to 
decode Manchester (bi-phase level) data by 
using the DPLL in the FM mode and program- 
ming the receiver for NRZ data. Manchester 
encoding always produces a transition at the 
center of the bit cell. If the transition is 0 to l, 


the bit is a 0. If the transition is 1 to O the 
bitisa l. 


Auto Echo and Local Loopback. The Z-ASCC 
is capable of automatically echoing everything 
it receives. In Auto Echo mode, RxD 1s con- 
nected to TxD internally. Auto Echo mode can 
be used with NRZI or FM encoding with no 
additional delay, because the data stream 1s 
not decoded before retransmission. In Auto 
Echo mode, the CTS input 1s ignored as a 
transmitter enable (although transitions on this 
input can still cause interrupts if programmed 
to do so). In this mode, the transmitter 1s 
actually bypassed and the programmer is 
responsible for disabling transmitter interrupts 
and WAIT/REQUEST on transmit. 

The Z-ASCC is also capable of Local Loop- 
back. In this mode TxD is connected to RxD 
internally, just as in Auto Echo mode. 
However, in Local Loopback mode, the inter- 
nal transmit data 1s tied to the internal receive 
data and RxD 1s ignored (except to be echoed 
out via TxD). The CTS and DCD inputs are 
also ignored as transmit and receive enables. 
However, transitions on these inputs can still 
cause interrupts. Local Loopback works with 
NRZ, NRZI or FM coding of the data stream. 


I/O Interface Capabilities. The Z-ASCC 
offers the choice of Polling, Interrupt (vectored 
or nonvectored), and Block Transfer modes to 
transfer data, status, and control information to 
and from the CPU. The Block Transfer mode 
can be implemented under CPU or DMA 


control. 


Polling. All interrupts are disabled. Three 
status registers in the Z-ASCC are automat- 
ically updated whenever any function is per- 
formed. The idea behind polling is for the 
CPU to periodically read a status register until 
the register contents indicate the need for data 
to be transferred. Only one register needs to 
be read; depending on its contents, the CPU 
either writes data, reads data, or continues. 
Two bits in the register indicate the need for 
data transfer. An alternative is a poll of the 


Figure 4. Data Encoding Methods 
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Functional 
Description 
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Interrupt Pending register to determine the 
source of an interrupt. The status for both 
channels resides 1n one register. 


Interrupts. The Z-ASCC interrupt scheme 
conforms to the Z-BUS specification. When a 
Z-ASCC responds to an Interrupt Acknowledge 
signal (INTACK) from the CPU, an interrupt 
vector may be placed on the A/D bus. This 
vector 1s written in WR2 and may be read in 
RR2A or RR2B (Figures 8 and 9). 

To speed interrupt response time, the 
Z-ASCC can modify three bits in this vector to 
indicate status. If the vector 1s read in Channel 
A, status is never included; if it 1s read in 
Channel B, status 1s always included. 

Each of the six sources of interrupts in the 
Z-ASCC (Transmit, Receive, and Exter- 
nal/Status interrupts in both channels) has 
three bits associated with the interrupt source: 
Interrupt Pending (IP), Interrupt Under Ser- 
vice (IUS), and Interrupt Enable (IE). Opera- 
tion of the IE bit is straightforward. If the IE bit 
is set for a given interrupt source, then that 
source can request interrupts. The exception is 
when the MIE (Master Interrupt Enable) bit in 
WR9 is reset and no interrupts may be 
requested. The IE bits are write only. 

The other two bits are related to the Z-BUS 
interrupt priority chain (Figure 5). The 
Z-ASCC may request an interrupt only when 
no higher priority device is requesting one, 
e.g., when IE] is High. If the device in ques- 
tion requests an interrupt, it pulls down INT. 
The CPU then responds with INTACK, and the 
interrupting device places the vector on the 
A/D bus. 

In the Z-ASCC, the IP bit signals a need for 
interrupt servicing. When an IP bit is 1 and 
the IEI input is High, the INT output is pulled 
Low, requesting an interrupt. In the Z-ASCC, 
if the IE bit 1s not set by enabling interrupts, 
then the IP for that source can never be set. 
The IP is set two or three AS cycles after the 
interrupt condition occurs. Two or three AS 
rising edges are required from the time an 
interrupt condition occurs until INT is acti- 
vated. The IP bits are readable in RR3A. 

The IUS bits signal that an interrupt request 
is being serviced. If an IUS is set, all interrupt 
sources of lower priority in the Z-ASCC and 


Z-BUS 
PERIPHERAL 


1El ADo-AD7 INT INTACK IEO 


INTACK 


1E1 ADo-AD7 INT INTACK IEO 


+5V 
ADo-AD7 
INT 
a ie ee ey 


external to the Z-ASCC are prevented from 
requesting interrupts. The internal interrupt 
sources are inhibited by the state of the inter- 
nal daisy chain, while lower priority devices 
are inhibited by the IEO output of the Z-ASCC 
being pulled Low and propagated to subse- 
quent peripherals. An IUS bit is set during an 
Interrupt Acknowledge cycle if there are no 
higher priority devices requesting interrupts. 

There are three types of interrupts: 
Transmit, Receive, and External/Status. Each 
interrupt type is enabled under program con- 
trol with Channel A having higher priority 
than Channel B, and with Receiver, Transmit, 
and External/Status interrupts prioritized in 
that order within each channel. When the 
Transmit interrupt 1s enabled, the CPU 1s 
interrupted when the transmit buffer becomes 
empty. (This implies that the transmitter must 
have had a data character written into it so 
that it can become empty.) When enabled, the 
receiver can interrupt the CPU in one of 
three ways: 


@ Interrupt on First Receive Character or 
Special Receive Condition. 


@ Interrupt on All Receive Characters or 
special Receive Condition. 


@ Interrupt on Special Receive Condition 
Only. 


Interrupt on First Character or Special Con- 
dition and Interrupt on Special Condition Only 
are typically used with the Block Transfer 
mode. A Special Receive Condition is receiver 
overrun, and, optionally, a parity error. The 
Special Receive Condition interrupt is different 
from an ordinary receive character available 
interrupt only 1n the status placed in the vector 
during the Interrupt Acknowledge cycle. In 
Interrupt on First Receive Character, an inter- 
rupt can occur from Special Receive Condi- 
tions any time after the first receive character 
interrupt. 

The main function of the External/Status 
interrupt is to monitor the signal transitions of 
the CTS, DCD, and RI pins; however, an 
External/Status interrupt is also caused by a 
Transmit Underrun condition, or a zero count 
in the baud rate generator, or by the detection 
of a Break. 


2-BUS 
PERIPHERAL 


2-BUS 
PERIPHERAL 


IEl ADp-AD7 INT INTACK 


Figure 5. Z-BUS Interrupt Schedule 
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CPU/DMA Block Transfer. The Z-ASCC pro- 
vides a Block Transfer mode to accommodate 
CPU block transfer functions and DMA con- 
trollers. The Block Transfer mode uses the 
WAIT/REQUEST output in conjunction with the 
Wait/Request bits in WR1. The WAIT/ 
REQUEST output can be defined under soft- 
ware control as a WAIT line in the CPU Block 
Transfer mode or as a REQUEST line in the 


Functional 
Description 
(Continued) 


DMA Block Transfer mode. 

To a DMA controller, the Z-ASCC REQUEST 
output indicates that the Z-ASCC is ready to 
transfer data to or from memory. To the CPU, 
the WAIT line indicates that the Z-ASCC is not 
ready to transfer data, thereby requesting that 
the CPU extend the I/O cycle. The DTR/ 
REQUEST line allows full-duplex operation 
under DMA control. 


The Z-ASCC internal structure includes 
two full-duplex channels, two baud rate 
generators, internal control and interrupt 
logic, and a bus interface to the Zilog Z-BUS. 
Associated with each channel are a number of 
read and write registers for mode control and 
status information, as well as logic necessary to 
interface to modems or other external devices 
(Figure 6). 

The logic for both channels provides 
formats, synchronization, and validation for 


Architecture 


INTERNAL 
CONTROL 
LOGIC 


ADDRESS! 
DATA 
CONTROL <a 


CPU 
BUS I/O INTERNAL BUS 


INTERRUPT 
CONTROL 
LOGIC 


INTERRUPT 
CONTROL 
LINES 


Eel 


+5 V GND PCLK 


CHANNEL A 
REGISTERS 


CHANNEL B 
REGISTERS 


BAUD RATE 


GENERATOR 
B 


data transferred to and from the channel inter- 
face. The modem control inputs are monitored 
by the control logic under program control. 
All of the modem control signals are general- 
purpose in nature and can optionally be used 
for functions other than modem control. 

The register set for each channel includes 
ten control (write) registers, and four status 
(read) registers. In addition, each baud rate 
generator has two (read/write) registers for 
holding the time constant that determines the 


BAUD RATE 


GENERATOR 
A 


«< SERIAL DATA 


CHANNEL CLOCKS 
Ri 
WAIT/REQUEST 


CHANNELA 


DISCRETE 
CONTROL 
OTHER CONTROLS 


& STATUS 
A 


—— MODEM, DMA, OR 


DISCRETE 
CONTROL 


& STATUS 
B 


t—— 
MODEM, DMA, OR 
OTHER CONTROLS 


SERIAL DATA 


CHANNEL B CHANNEL CLOCKS 
Ri 


WAITIREQUEST 


Figure 6. Block Diagram of Z-ASCC Architecture 
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BR GENERATOR 
INPUT 


RxD 


OPLL 


C07 


UPPER BYTE 
TIME CONSTANT 


LOWER BYTE 
TIME CONSTANT 


INTERNAL 
TxD 


DPLL 


DPLL OUTPUT 


16-BIT DOWN | COUNTER | -2 | 


CPU 1/0 


WO DATA BUFFER 


INTERNAL DATA BUS 


RECEIVE 


DATA 


BR GENERATOR AIFS 


OUTPUT 


RECEIVE 


3 BITS SYNC REGISTER 
(8 BITS) 


BR GENERATOR OUTPUT 
DPLL OUTPUT 

TRxC 

RTxC 


RI 
(OSCILLATOR) 


RECEIVE 


ERROR 


FIFO 


RECEIVE 
ERROR 
LOGIC 


SHIFT REGISTER 


RECEIVE CLOCK 
CLOCK TRANSMIT CLOCK 
MUX 
DPLL CLOCK 


BR GENERATOR CLOCK 


Figure 7. Data Path 
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TRANSMIT DATA 
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l START 
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TRANSMIT MUX 
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TRANSMIT 
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INTERNAL TxD 
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Architecture baud rate. Finally, associated with the inter- Read Register Functions 
(Continued) ipl Sts re ad ee RRO Transmit/Receive buffer status and External status 
write-only Master Interrupt Control recuse BRE: “Sepeete hoe wex Sndinonetaius 
and three read registers: one containing the RR2 Modihied interrupt vector (Channel B only) 
vector with status infomation (Channel B only), SENG 2 eup Eco ort aane erent) 
one containing the vector without status BHG ~ Interrupt Pending bis (Channel-4 only) 
(Channel A only), and one containing the RR8 Receive buffer 
Interrupt Pending bits (Channel A only). RR10 = Miscellaneous status 
The registers for each channel are RR12 Lower byte of baud rate generator time constant 
designated as follows: RR13 ~—=Upper byte of baud rate generator time constant 
WRO-WRI15 — Write Registers 0-5, 8-15. RR15 ~~ External/Status interrupt information 
RRO-RR3, RR10, RR12, RR13, RR15 — Read Write Register Functions 
Registers 0 through 3, 10, 12, 13, 15. 
Table 1 lists the functions assigned to each WRO CRC initialize, initialization commands for the 
alee Kecnster. Tie 7ASCC. contains various modes, shift right/shift left command 
only one WR2 and WR9, but they eee WRI ee interrupt and data transfer mode 
RENE Rens ” oe registers WR2 Interrupt vector (accessed through either channel) 
WR3 Receive parameters and control 
Data Path. The transmit and receive data path WR4 _ Transmit/Receive miscellaneous parameters and 
illustrated in Figure 7 is identical for both modes 
channels. The receiver has three 8-bit buffer WR5 _ Transmit parameters and controls 
registers in an FIFO arrangement, in addition Who. -Teanenutbater 
to the 8-bit receive shift register. This scheme WR9 _ =sC Master interrupt control and reset (accessed 
creates additional time for the CPU to service through either channel) 
an interrupt at the beginning of a block of WRI10 Miscellaneous transmitter/receiver control bits 
high speed data. Incoming data is routed WR11 Clock mode control 
through one of several paths depending on the 
selected mode (the character length deter- WR12_ Lower byte of baud rate generator time constant 
mines the data path). WR13 Upper byte of baud rate generator time constant 
The transmitter has an 8-bit Transmit Data WRI4 = Miscellaneous control bits 
buffer register loaded from the internal data WRI15_ External/Status interrupt control 
bus and an 11-bit Transmit Shift register that 1s 
loaded trom the Transmit Data register. Table 1. Read and Write Register Functions 
Programming The Z-ASCC contains 11 write registers in mode, A/B is taken from ADs and the state of 
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each channel that are programmed by the 
system separately to configure the functional 
personality of the channels. All of the registers 
in the Z-ASCC are directly addressable. How 
the Z-ASCC decodes the address placed on 
the address/data bus at the beginning of a 
Read or Write cycle 1s controlled by a com- 
mand issued in WROB. In the shift right mode, 
the channel select A/B is taken from ADg and 
the state of ADs is ignored. In the shift left 


ADo is ignored. AD7 and ADg are always 
ignored as address bits and the register 
address itself occupies AD, - AD}. 

The system program first issues a series of 
commands to initialize the basic mode of 
operation. For example, the character length, 
clock rate, number of stop bits, even or odd 
parity might be set first. Then the Interrupt 
mode would be set, and finally, receiver or 
transmitter enable. 


Programming Read Registers. The Z-ASCC contains eight 
read registers (actually nine, counting the 
receive buffer [RR8]) 1n each channel. Four of 
these may be read to obtain status information 
(RRO, RR1, RR1O, and RR15). Two registers 
(RR12 and RR13) may be read to learn the 
baud rate generator time constant. RR2 con- 
tains either the unmodified interrupt vector 
(Channel A) or the vector modified by status 
information (Channel B). RR3 contains the 


(Continued) 


Read Register 0 


[Pr [Ds ] Os [D, [Ds | 2 | Ds | Do) 


| b Rx CHARACTER AVAILABLE 
ZERO COUNT 
Tx BUFFER EMPTY 


DCD 
RING INDICATOR 
CTS 


Read Register | 


[Py ] Ds | Ds [Da | Ds] Ba [Ds | Do 


| L ALL SENT 
1 
1 


PARITY ERROR 

Rx OVERRUN ERROR 
FRAMING ERROR 

0 


Read Register 2 


[Br | De | Ds [Ds [De | Da | Ds [Do | 


= 


V3 
V4 
“MODIFIED IN B CHANNEL 


Read Register 3 


[Dr | De | Bs | Ds [Ds | Da | Ds [Do 


| b CHANNEL B EXT/STAT IP* 
CHANNEL B Tx IP* 
CHANNEL B Rx IP* 
CHANNEL A EXT/STAT IP* 
CHANNEL A Tx IP* 
CHANNEL A Rx IP* 
0 
0 


“ALWAYS 0 IN B CHANNEL 


INTERRUPT VECTOR * 


Interrupt Pending (IP) bits (Channel A). 
Figure 8 shows the formats for each read 


register. 


The status bits of RRO and RR1 are carefully 


grouped to simplify status monitoring; e.g., 


when the interrupt vector indicates a Special 


Receive Condition interrupt, all the appro- 
priate error bits can be read from a single 


register (RR1). 


Read Register 10 


TWO CLOCKS MISSING 
ONE CLOCK MISSING 


Read Register 12 
[Dr | Ds [Ds [Ds [Ds [D2 | Ds | Do 


its 

TC, 
TCo2 
TCs \ Lower BYTE OF 
Tc, { TIME CONSTANT 
TCs 
TCs 
TCg 
TCg 
TC10 
TC11 \ UPPER BYTE OF 
TC12 ( TIME CONSTANT 
TCi3 
TC14 
TC15 


Read Register 15 


[Dy | Dg | Ds [Ds | Ds [Dp | Dy | Dy 

= 2 
ZERO COUNT IE 
0 
DCD IE 
RIE 
CTS IE 
1 
BREAK IE 


Figure 8. Read Register Bit Functions 
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Programming Write Registers. The Z-ASCC contains 11 WR3Y) shared by the two channels that may be 


(Continued) write registers (12 counting WR8, the transmit accessed through either of them. WR2 contains 
buffer) in each channel. These write registers the interrupt vector for both channels, while 
are programmed separately to configure the WR9 contains the interrupt control bits. Figure 
functional “personality” of the channels. In 9 shows the format of each write register. 


addition, there are two registers (WR2 and 


Write Register 0 Write Register 3 


[Br |B [Ds | Ds [Ds | Dz | Dy | [7] Be [Ds [Ds | Bs 12 | Ds | Do | 


Rx ENABLE 
|0 | 0 | NULL CODE : 
10 | 4 | NULL CODE m 
11 | 0 | SELECT SHIFT LEFT MODE* . 
|1 | 1 | SELECT SHIFT RIGHT MODE* ; 
0 AUTO ENABLES 


= 


NULL CODE 10 | 0 | Rx 5 BITSICHARACTER 
NULL CODE |0 | 1 | Rx 7 BITSICHARACTER 
RESET EXT/STATUS INTERRUPTS | 1 | 0 | Rx 6 BITSICHARACTER 
NULL CODE 11 | 1 | Rx 8 BITSICHARACTER 


ENABLE INT ON NEXT Rx CHARACTER 

RESET Tx INT PENDING 

ERROR RESET 

RESET HIGHEST 1US Write Register 4 


[Dy | Dg [Ds | Dy | Ds | Dz [ Dy | Do | 
| i PARITY ENABLE 
PARITY EVEN/ODD 


10 | © | DO NOT PROGRAM 
0 | 1 STOP BITICHARACTER 


1 | 1% STOP BITSICHARACTER 
4 | 2 STOP BITS/CHARACTER 


oO 
“N 


Write Register 1 
[Dr | Oe | Ds [ Ds | Ds | De | Ds | Dy 
| a EXT INT ENABLE 
Tx INT ENABLE 


PARITY IS SPECIAL CONDITION 


0 | 0 | Rx INT DISABLE 


0 


| o | 1 | Rx INT ON FIRST CHARACTER OR SPECIAL CONDITION To fo | x1 CLock mopE 
| 1 | 0 | INT ON ALL Rx CHARACTERS OR SPECIAL CONDITION 10 | 4 | x16 cLock MODE 
| 1] 1 | Rx INT ON SPECIAL CONDITION ONLY | 1] 0 | X32 CLOCK MODE 


Se Soe | 1] 1 | X64 CLOCK MODE 
WAITIDMA REQUEST ON RECEIVE/TRANSMIT 
WAIT/IDMA REQUEST FUNCTION 
WAITIDMA REQUEST ENABLE 


Write Register 5 
Write Register 2 [D; | Dg | Ds | Dy [Ds ] De | Ds | Do 


he 
| & Vo 0 


Ve SEND BREAK 
V3 
mi INTERRUPT VECTOR 10 | 0 | Tx 5 BITS (OR LESS)CHARACTER 
: 10 | 1 | 1x7 BITSICHARACTER 
. | 1} 0 | Tx 6 BITSICHARACTER 
- | 4 | 1 | Tx 8 BITSICHARACTER 

7 


DTR 


Figure 9. Write Register Bit Functions 
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Programming Write Register 9 


(Continued) 
E vis 
NV 
DLC 
MIE 
STATUS HIGH/STATUS LOW 
0 


|0 | 0 | NO RESET 


| 0 | 1 | CHANNEL RESET B 


| 4 | 0 | CHANNEL RESET A 


| 1} 1 | FORCE HARDWARE RESET 


Writer Register 10 


| 1 | 0 | FMi (TRANSITION = 1) 


| 1 | 1 | FMo (TRANSITION = 0) 
0 


Write Register 11 
[Dr | Dg | Ds | Dy | Dy | De | Dy | Do 


| 0 | o | TRxC OUT = XTAL OUTPUT 


10] 1 | TAx¢ OUT = TRANSMIT CLOCK 
| 1 | 0 | TRx¢ OUT = BR GENERATOR OUTPUT 
1 | 1 | TRx¢ OUT = DPLL OUTPUT 


TRxC ON 


}0 | 0 | TRANSMIT CLOCK = ATxC PIN 

|o | 1 | TRANSMIT CLOCK = TRxC PIN 

| 1 | 0 | TRANSMIT CLOCK = BR GENERATOR OUTPUT 
| 1] 1 | TRANSMIT CLOCK = DPLL OUTPUT 


10 | 0 | RECEIVE CLOCK = RTxC PIN 

10 | 1 | RECEIVE CLOCK = TRXC PIN 

| 1 | 0 | RECEIVE CLOCK = BR GENERATOR OUTPUT 
RECEIVE CLOCK = DPLL OUTPUT 


RTxC XTALINO XTAL 


Write Register 12 


Lr | De | Ds | De | Ds [D2 | Ds [Do 


ih 
TC, 

TC2 
LOWER BYTE OF 
TCs TIME CONSTANT 
TCs 


TCe 
TC?7 


Write Register 13 


[97 Pe [0s [04 [Ds] De | Ds [Do 


ts 

TCg 
TC10 
TC11 | Upper BYTE OF 
TC12 TIME CONSTANT 
TC13 
TC14 
TC15 


Write Register 14 
[Dy | De | Ds | Da | Ds [D2 | D4 | Do 


| L BR GENERATOR ENABLE 
BR GENERATOR SOURCE 
DTR/REQUEST FUNCTION 


AUTO ECHO 
LOCAL LOOPBACK 


NULL COMMAND 

ENTER SEARCH MODE 

RESET MISSING CLOCK 
DISABLE DPLL 

SET SOURCE = BR GENERATOR 
SET SOURCE = RTxC 

SET FM MODE 

SET NRZI MODE 


Write Register 15 


[Dr] Be | Ds [Ds [Ds | Ds | 0, | Do 


er 
ibs ZERO COUNT IE 

0 
DCO IE 
Ri IE 
CTS IE 
1 
BREAK IE 


Figure 9. Write Register Bit Functions (Continued) 
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Timing The Z-ASCC generates internal control 
signals from AS and DS that are related to 
PCLK. Since PCLK has no phase relationship 
with AS and DS, the circuitry generating these 
internal control signals must provide time for 
metastable conditions to disappear. This gives 
rise to a recovery time related to PCLK. The 
recovery time applies only between bus trans- 
actions involving the Z-ASCC. The recovery 
time required for proper operation is specified 
from the rising edge of DS in the first transac- 
tion involving the Z-ASCC to the falling edge 


of DS in the second transaction involving the 
Z-ASCC. This time must be at least 6 PCLK 
cycles plus 200 ns. 


Read Cycle Timing. Figure 10 illustrates 
Read cycle timing. The address on ADo-AD7 
and the state of CSg and INTACK are latched 
by the rising edge of AS. R/W must be High to 
indicate a Read cycle. CS; must also be High 
for the Read cycle to occur. The data bus 
drivers in the Z-ASCC are then enabled while 
DS is Low. 


AS \ / 
CSo \ / 
INTACK / \ 


Figure 10. Read Cycle Timing 


Write Cycle Timing. Figure 11 illustrates 
Write cycle timing. The address on ADo-AD7 
and the state of CSo and INTACK are latched 


indicate a Write cycle. CS] must be High for 
the Write cycle to occur. DS Low strobes the 
data into the Z-ASCC. 


by the rising edge of AS. R/W must be Low to 


INTACK / \ 


Figure 11. Write Cycle Timing 


Interrupt Acknowledge Cycle Timing. 

Figure 12 illustrates Interrupt Acknowledge 
cycle timing. The address on ADo-AD7 and 
the state of CSo and INTACK are latched by 


the rising edge of AS. However, if INTACK is 
Low, the address and CSo are ignored. The 
state of the R/W and CS; are also ignored for 
the duration of the Interrupt Acknowledge 
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Timing cycle. Between the rising edge of AS and the 


intended for the Z-ASCC. In this case, the 


(Continued) falling edge of DS, the internal and external Z-ASCC may be programmed to respond to 
IEI/IEO daisy chains settle. If there is an inter- DS Low by placing its interrupt vector on 
rupt pending in the Z-ASCC and IEI is High ADo-AD7. It then sets the appropriate 
when DS falls, the Acknowledge cycle was Interrupt-Under-Service latch internally. 

| forcement IESE AT 
C0 X_tenoreny KX j 
INTACK \ / 
ee eee ee eee 
Figure 12. Interrupt Acknowledge Cycle Timing 

Absolute Voltages on all inputs and outputs Stresses greater than those listed under Absolute Max- 

Maximum with respect toGND.......... -0.3Vto +7.0V mum Ratings may cause permanent damage to the device. 

Roatinae This is a stress rating only; operation of the device at any 

g Operating Ambient condition above those indicated 1n the operational sections 
Temperature .............000. As Specified in of these specifications is not implied. Exposure to absolute 
Ordering Information maximum rating conditions for extended periods may affect 
device reliability. 
Storage Temperature........ -65°C to +150°C 

Standard The characteristics below apply for the @+4.75V <= Voo Ss +5.25 V 

Test following standard test conditions, unless mw GND =0V 

Conditions otherwise noted. All voltages are referenced to sel Tis nasdaail waeins Op nes dein onmaon 
GND. Positive current flows into the refer- A Pp g . 
enced pin. Standard conditions are as follows: All ac parameters assume a load capacitance 

of 50 pF max. 
+5V 
2.1K +5V 
“UNDER TEST 2.2K 
FROM OUTPUT 
UNDER TEST 
100 pF on 
| i 50 pF 
Figure 13. Standard Test Load Figure 14. Open-Drain Test Load 

DC Symbol Parameter Min Max Unit Condition 

Charac- 

teristics Vig Input High Voltage 2.0 Voc +0.3 V 

Vin Input Low Voltage -0.3 0. V 

Vou Output High Voltage 2.4 V Inn = — 250 pA 

Vor Output Low Voltage 0.4 V Io, = +2.0 mA 

Tn Input Leakage #10;0 pA 04< Vi s +2.4V 
lor, Output Leakage + 10.0 pA 0.4 = Voyr = +2.4V 
loc Voc Supply Current 250 mA 

Voc = 5 V + 5% unless otherwise specified, over specified temperature range 

Capacitance Symbol Parameter Min Max Unit Test Condition 

Cin Input Capacitance 10 pF Unmeasured Pins 

Court Output Capacitance 15 pF Returned to Ground 
VO Bidirectional Capacitance 20 pF 


f = | MHz, over specified temperature range 


2016-009 8085-006, 001 


209 


DOSY-Z [€08Z 


Read and 


Write as 
Timing Gd) (2) 
«I XS 
Ot +O 
c 
== Or 
mk ak 2 aan 
|| @ | 
Sa a 
q © 
Bate | 
ss ge 
el Sa parm res ro @ 
a eee 
a NS |, | A | 
O-++| © or @ 
‘eens cin 
® ” © 
aes) 5 Ae ees 
(cacao 
WIREQ 
WAIT 
ccvesr a 
REQUEST 
(21) 
DTRIREG 
REQUEST 
. ar. 
(28) 
4 MHz 6 MHz 
No. Symbol Parameter Min Max Min Max Notes*f 
1 TwASs AS Low Width 70 50 
2 TdDS(AS) DS 1 to AS | Delay 50 29 
3 TsCSO(AS) CSp to AS t Setup Time 0 0 ] 
4 ThCSO(AS) CSo to AS t Hold Time 60 40 l 
5 — TsCS1(DS) ——— CS; to DS |} Setup Time 100 80 |e 
6  ThCS1(DS) CS; to DS t_Hold Time 55 40 l 
7  TsIA(AS) INTACK to AS t Setup Time 0 0 
8  ThIA(AS) INTACK to AS t Hold Time 250 250 
9  TsRWR(DS) R/W (Read) to DS | Setup Time 100 80 
10 —- ThRW(DS)——— R/W to DS t Hold Time 55 40 
ii TsRWW(DS) R/W (Write) to DS | Setup Time 0 0 
12. TdAS(DS) AS t to DS | Delay 60 40 
13. TwDSl DS Low Width 390 250 
14. TrC Valid Access Recovery Time 6TcPC 6TcPC 2 
+ 200 + 130 
15 — TsA(AS) Address to AS t Setup Time 30 10 ]— 
16 ThA(AS) Address to AS {| Hold Time 50 30 ] 
17. TsDW(DS) Write Data to DS | Setup Time 30 20 
18 ThDW(DS) Write Data to DS t Hold Time 30 20 
19 TdDS(DA) DS | to Data Active Delay 0 0 
20 —TdDSr(DR) ——— DS | to Read Data Not Valid Delay 0 0 
21 TdDSf(DR) DS | to Read Data Valid Delay 250 180 
22 TdAS(DR) AS t to Read Data Valid Delay 520 335 
NOTES. 
1. Parameter does not apply to Interrupt Acknowledge the Z-ASCC 
transactions, *Timings are preliminary and subject to change. 
om Barca <iee only between transactions involving ] T aes aan ne). - aa 
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Interrupt 


Acknowledge Ks 
Timing —>|@|<- 
INTACK 
bs 
@) 


ADo-AD7 Sas) {| 


Reset 
Timing 
Cycle 
Timing PCLK 
4 MHz 6 MHz 
No. Symbol Parameter Min Max Min Max Notes*f 
23 TdDS(DRz) DS t to Read Data Float Delay 70 45 3 
24 TdA(DR) Address Required Valid to Read Data Valid Delay 570 420 
25 TdDS(W) DS | to Wait Valid Delay 240 200 4 
26 TdDSf(REQ) DS | to W/REQ Not Valid Delay 240 200 
27 — TdDSr(REQ)-—— DS ft to DTR/REO Not Valid Delay ————————— 5 Tc PC ——— 5 Tc PC 
— —_ + 300 + 250 
28 TdAS(INT) AS ft to INT Valid Delay 500 500 4 
29 TdAS(DSA) AS t to DS | (Acknowledge) Delay 5 
30 TwDSA DS (Acknowledge) Low Width 390 250 
3] TdDSA(DR) DS | (Acknowledge) to Read Data Valid Delay 250 180 
32 — TsIEI(DSA) ——— IEI to DS |! (Acknowledge) Setup Time ———————— 120 —--—--- 100 
33 ThIEI(DSA) IEI to DS t (Acknowledge) Hold Time 0 0 
34 TdlEI(IEO) IEI to IEO Delay 120 100 
35 TdAS(IEO) AS f to IEO Delay eee 250 250 6 
36 TdDSAC(INT) DS | (Acknowledge) to INT Inactive Delay 500 500 4 
37 — TdDS(ASQ) —— DS ft to AS | Delay for No Reset -——_——--______ 30 —-_______—_ 15 
38 TdASQ(DS) AS 1t to DS | Delay for No Reset 30 30 
39 TwRES AS and DS Coincident Low for Reset 250 250 7 
40 TwPCl PCLK Low Width 105 2000 70 1000 
4} TwPCh PCLK High Width 105 2000 70 1000 
42 —TcPC —————— PCLK Cycle Time —----_--_____—_——— 250 —— 4000 165 2000 
43. TrPC PCLK Rise Time 20 1S 
44 TfP@ PCLK Fall Time 20 10 
NOTES. 2 
3. Float delay is defined as the time required for a +0 5 V change 6. Parameter applies only to a Z-ASCC pulling INT Low at the 
in the output with a maximum dc load and minimum ac load. beginning of the Interrupt Acknowledge transaction. 
4. Open-drain output, measured with open-drain test load. 7 Internal circuitry allows for the reset provided by the Z8 to be 
5. Parameter 1s system dependent. For any Z-ASCC 1n the daisy recognized as a reset by the Z-ASCC 
chain, TdAS(DSA) must be greater than the sum of TdAS(IEO) * Timings are preliminary and subject to change. All timing refer- 
for the highest priority device in the daisy chain, TsIEI(DSA) ences assume 2.0 V fora logic “1” and 0 8 V for a logic “0”. 
for the Z-ASCC, and TdIEIf(IEO) for each device separating tT Units in nanoseconds (ns). 


them in the daisy chain. 
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General 
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(1) 

WIREQ 
REQUEST 

(2) 
WIREQ 
WAIT 
RTxC, TRxC 
RECEIVE 

© Or © Cc 
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No. Symbol Parameter 
] TdPC(REQ) PCLK ! to W/REO Valid 
2 TdPC(W) PCLK | to Wait Inactive Delay 
3 TsRXC(PC) RxC t to PCLK t Setup Time 
4 TsRXD(RXCr) RxD to RxC t Setup Time (X1 Mode) 


5 — ThRXD(RXCr) — RxD to RxC t Hold Time (X1 Mode) 
6 TsRXD(RXCf) RxD to RxC | Setup Time (X1 Mode) 
7  ThRXD(RXCf) RxD to RxC | Hold Time (X1 Mode) 
8  TsTXC(PC) TxC | to PCLK t Setup Time 
9 TdTXCKTXD)  TxC | to TxD Delay (X1 Mode) 
10 — TdTXCr(TXD) — TxC t to TxD Delay (X1 Mode) 
1] TdT XD(TRX) TxD to TRxC Delay (Send Clock Echo) 


12. TwRTXh RTxC High Width 

13. TwRTX1 RTxC Low Width 

14 TcRTX RTxC Cycle Time 

15 — TcRTXX Crystal Oscillator Period 

16 TwTRXh TRxC High Width 

17 TwTRX1 TRxC Low Width 

18 ToTRX TRxC Cycle Time 

19 TwEXT DCD or CTS or RI Pulse Width 
NOTES 


1 RxC is RTxC or TRxC, whichever 1s supplying the receive 
clock 

2 TxC is TRxC or RTxC, whichever 1s supplying the transmit 
clock 

3 Both RTxC and RI have 30 pf capacitors to the ground 
connected to them 


Min Max Min Max 
250 250 
350 350 
50 50 
0 0 
150 150 
0 0 
150 150 
0 0 
300 300 
300 300 
180 180 
180 180 
400 400 
250 —— 1000 250: = 1000 = 
180 180 
180 180 
400 400 
200 200 


Notes*t 


3— 


4 Parameter applies only if the data rate 1s one-fourth the PCLK 
rate In all other cases, no phase relationship between RxC and 


PCLK or TxC and PCLK 1s required 
5 Parameter applies only to FM encoding/decoding 
* Timings are preliminary and subject to change 
+t Units in nanoseconds (ns) 
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System 


ATxC, TRxC 
Timing RECEIVE 
REQUEST 
CG) 
WIREQ ' 
WAIT 
Posmnae (yeaa 
: ee = 
(3) 
RTxC, TRxC 
TRANSMIT 
WIREQ 
REQUEST 
(4) 
WIREQ 
WAIT 
——o 
acu ee. 
REQUEST 
(8) 
: eel 
@) 
CTS, DCD, Ri ) aes : access 
7 a, 
(8) 
4 MHz 6 MHz 
No. Symbol Parameter Min Max Min Max Notes* 
1 TdRXC(REQ) RxC t to W/REQ Valid Delay 8 12 8 12 2,4 
2 TdRXC(W) RxC t to Wait Inactive Delay 8 12 8 12 1,2,4 
3. TdRXC(INT) RxC t INT Valid Delay 8 12 8 12 1,2,4 
+2 +3 +2 +3 5 
4 — TdTXC(REQ) ——TxC ! to W/REO Valid Delay ————————__ 5 —__- 8 ——____ 5 — 8 ——___ 3, 4 — 
5 TdaTXC(W) TxC | to Wait Inactive Delay 5 8 5 8 1,3,4 
6 TdTXC(DRQ) TxC | to DTR/REQ Valid Delay 4 7 4 7 3,4 
7  TdTXC(INT) TxC ! to INT Valid Delay 4 6 4 6 1,3,4 
+2 +3 +2 +3 5 
8 TdEXT(INT) DCD, RI or CTS Transition to INT Valid Delay 2 3 2 3 Ls 
NOTES. Boots, 
1 Open-drain output, measured with open-drain test load. 4. Units equal to TcPC. 
2. RxC is RTxC or TRxC, whichever 1s supplying the receive 5. Units equal to AS. 
clock. * Timings are preliminary and subject to change. 
3. TxC 1s TRxC or RTxC, whichever 1s supplying the transmit 
clock. 
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Ordering Product Package/ Product Package/ 

Information Number Temp Speed Description Number Temp Speed Description 
Z8031 CE 4.0 MHz Z-ASCC (40-pin) Z8031A CE 6.0 MHz Z-ASCC (40-pin) 
Z8031 CM 4.0 MHz Same as above Z8031A CM 6.0 MHz Same as above 
28031 CMB 4.0 MHz Same as above Z8031A CMB 6.0 MHz Same as above 
28031 CS 4.0 MHz Same as above Z8031A Cs 6.0 MHz Same as above 
Z8031 DE 4.0 MHz Same as above Z8031A DE 6.0 MHz Same as above 
Z8031 DS 4.0 MHz Same as above Z8031A DS 6.0 MHz Same as above 
28031 PE 4.0 MHz Same as above Z8031A PE 6.0 MHz Same as above 
Z8031 PS 4.0 MHz Same as above Z8031A PS 6.0 MHz Same as above 
NOTES C = Ceramic, D = Cerdip, P = Plastic, E = -40°C to +85°C, M = -55°C to 125°C, MB = -55°C to +125°C with 
MIL-STD-883 with Class B processing, S = 0°C to +70°C 
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Z8036 Z8000"Z-CIO 
Counter/Timer and 
Parallel I/O Unit 


- Product 


i a 
Zilog Specification 
June 1982 
Features @ Two independent 8-bit, double-buffered, @ Flexible pattern-recognition logic, program- 
bidirectional I/O ports plus a 4-bit mable as a 16-vector interrupt controller. 
special-purpose I/O port. I/O ports m Three independent 16-bit counter/timers 


feature programmable polarity, 
programmable direction (Bit mode), “pulse 
catchers,’”’ and programmable open- 

drain outputs. 


with up to four external access lines per 
counter/timer (count input, output, gate, 
and trigger), and three output duty cycles 
(pulsed, one-shot, and square-wave), 


@ Four handshake modes, including 3-Wire programmable as retriggerable or 
(like the IEEE-488). nonretriggerable. 
M@ REQUEST/WAIT signal for high-speed data m Easy to use since all registers are read/write 
transfer. and directly addressable. 
General The Z8036 Z-CIO Counter/Timer and The use of the device is simplified by making 
Description Parallel I/O element is a general-purpose all internal registers (command, status, and 
peripheral circuit, satisfying most data) readable and (except for status bits) 
counter/timer and parallel I/O needs writable. In addition, each register is given its 
encountered in system designs. This versatile own unique address so that it can be 
device contains three I/O ports and three accessed directly—no special sequential 
counter/timers. Many programmable options operations are required. The Z-CIO is directly 
tailor its configuration to specific applications. Z-Bus compatible. 


1 
ala as 2 
mast 3 
ADDRESS/DATA PORTA 4 
Bus \ <—> 5 
6 
7 
— 8 
BUS TIMING ) ——> 9 
AND RESET | ——» 
PORT C 
—> 
CONTROL { ——>| CS 
— 
— 
INTERRUPT 
; PORT B 
PCLK +5 V GND 
Figure 1. Pin Functions Figure 2. Pin Assignments 
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Pin AD o-AD7. Z-Bus Address/Data lines 
Description (bidirectional/3-state). These multiplexed 
Address/Data lines are used for transfers 


between the CPU and Z-CIO. 


AS*. Address Strobe (input, active Low). 
Addresses, INTACK, and CSg are sampled 
while AS is Low. 


CSp and CS§). Chip Select 0 (input, active 
Low) and Chip Select 1 (input, active High). 
CSo and CS) must be Low and High, respec- 
tively, in order to select a device. CSo is 


latched by AS. 


DS*. Data Strobe (input, active Low). DS pro- 
vides timing for the transfer of data into or out 
of the Z-CIO. 


IEI. Interrupt Enable In (input, active High). 
IEI 1s used with IEO to form an interrupt daisy 
chain when there is more than one interrupt- 
driven device. A High IEI indicates that no 
other higher priority device has an interrupt 
under service or is requesting an interrupt. 


IEO. Jnterrupt Enable Out (output, active 
High). IEO is High only if IEI 1s High and the 
CPU 1s not servicing an interrupt from the 
requesting Z-CIO or is not requesting an inter- 
rupt (Interrupt Acknowledge cycle only). [EO 
is connected to the next lower priority device's 
IEI input and thus inhibits interrupts from 
lower priority devices. 


*When AS and DS are detected Low at the same time (normally 
an illegal condition), the Z~CIO 1s reset 


INT. /nterrupt Request (output, open-drain, 
active Low). This signal is pulled Low when 
the Z-CIO requests an interrupt. 


INTACK. Jnterrupt Acknowledge (input, active 
Low). This signal indicates to the Z-CIO that 
an Interrupt Acknowledge cycle is in progress. 


INTACK is sampled while AS is Low. 


PAp-PAy. Port A I/O lines (bidirectional, 
3-state, or open-drain). These eight I/O lines 
transfer information between the Z-CIO’s Port 
A and external devices. 


PBo-PBy. Port B I/O lines (bidirectional, 
3-state, or open-drain). These eight I/O lines 
transfer information between the Z-CIO’s Port 
B and external devices. May also be used to 
provide external access to Counter/Timers 

1 and 2. 


PCo-PC3. Port C I/O lines (bidirectional, 
3-state, or open-drain). These four I/O lines 
are used to provide handshake, WAIT, and 
REQUEST lines for Ports A and B or to provide 
external access to Counter/Timer 3 or access 
to the Z-CIO’s Port C. 

PCLK. (input, TTL-compatible). This is a 
peripheral clock that may be, but 1s not 


necessarily, the CPU clock. It is used with 
timers and REQUEST/WAIT logic. 


R/W. Read/Write (input). R/W indicates that 
the CPU is reading from (High) or writing to 
(Low) the Z-CIO. 


The Z8036 Z-CIO Counter/Timer and 
Parallel I/O element (Figure 3) consists of a 


ean 


CONTROL 


Architecture 


INTERRUPT 
CONTROL 
LOGIC 


ADDRESS/ 


CONTROL 
INPUTS 


2-BUS 
INTERFACE 


INTERNAL 
CONTROL 
LOGIC 


INTERNAL BUS 


COUNTER! 
TIMER 3 


Z-Bus interface, three I/O ports (two general- 
purpose 8-bit ports and one special-purpose 


COUNTER! PORT 
TIMER 2 B 
PORT B 
ie) 
COUNTER! 
TIMER 1 


Figure 3. Z-CIO Block Diagram 
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Architecture 4-bit port), three 16-bit counter/timers, an 


Input, Output, and Buffer registers, comprise 


(Continued) interrupt control logic block, and the internal the data path registers. Two registers, the 
control logic block. An extensive number of Mode Specification and Handshake Specifica- 
programmable options allow the user to tailor tion registers, are used to define the mode of 
the configuration to best suit the specific the port and to specify which handshake, if 
application. any, is to be used. The reference pattern for 

The two general-purpose 8-bit I/O ports the pattern-recognition logic is defined via 
i (Figure 4) are identical, except that Port B can three registers: the Pattern Polarity, Pattern 
be specified to provide external access to Transition, and Pattern Mask registers. The 
Counter/Timers 1 and 2. Either port can be detailed characteristics of each bit path (for 
programmed to be a handshake-driven, example, the direction of data flow or whether 
double-buffered port (input, output, or bidirec- a path is inverting or noninverting) are pro- 
tional) or a control-type port with the direction grammed using the Data Path Polarity, Data 
of each bit individually programmable. Each Direction, and Special I/O Control registers. 
port includes pattern-recognition logic, allow- The primary control and status bits are 
ing interrupt generation when a specific pat- grouped in a single register, the Command 
tern is detected. The pattern-recognition logic and Status register, so that after the port is ini- 
can be programmed so the port functions like tially configured, only this register must be 
a priority-interrupt controller. Ports A and B accessed frequently. To facilitate initialization, 
can also be linked to form a 16-bit I/O port. the port logic is designed so that registers 
To control these capabilities, both ports con- associated with an unrequired capability are 
tain 12 registers. Three of these registers, the ignored and do not have to be programmed. 
TO COUNTER/TIMERS 1 AND 2 
(PORT B ONLY) 
INTERNAL (or ncremareneeeettin, 
| 
BUEEESI 
OUTPUT DATA 
CATCHER 
PATTERN 
RECOGNITION PORT 
OUTPUT 
BUFFER/ 
INVERTERS 
INTERNAL : i 
PORT CONTROL 
HANDSHAKE CONTROL 
TO PORT C 
Figure 4. Ports A and B Block Diagram 
2014-002 
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Architecture 
(Continued) 
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The function of the special-purpose 4-bit 


port, Port C (Figure 5), depends upon the 
roles of Ports A and B. Port C provides the 
required handshake lines. Any bits of Port C 
not used as handshake lines can be used as 
I/O lines or to provide external access for the 
third counter/timer. 


Since Port C’s function is defined primarily 


by Ports A and B, only three registers (besides 
the Data Input and Output registers) are 
needed. These registers specify the details of 
each bit path: the Data Path Polarity, Data 
Direction, and Special I/O Control registers. 


The three counter/timers (Figure 6) are all 


identical. Each is comprised of a 16-bit down- 
counter, a 16-bit Time Constant register 
(which holds the value loaded into the down- 
counter), a 16-bit Current Counter register 
(used to read the contents of the down- 
counter), and two 8-bit registers for control 
and status (the Mode Specification and the 
Command and Status registers). 


The capabilities of the counter/timer are 


TO PORT TO PORT 
A B 


HANDSHAKE 
AND 


REQUEST/WAIT 


LOGIC 


INTERNAL 
BUS 


OUTPUT 
DATA 
REGISTER 


INPUT 
DATA 
REGISTER 


DATA = 
MULTIPLEXER 
(——7 Fas LINES 


numerous. Up to four port I/O lines can be 
dedicated as external access lines for each 
counter/timer: counter input, gate input, trig- 
ger input, and counter/timer output. Three dif- 
ferent counter/timer output duty cycles are 
available: pulse, one-shot, or square-wave. 
The operation of the counter/timer can be pro- 
grammed as either retriggerable or nonretrig- 
gerable. With these and other options, most 
counter/timer applications are covered. 

The interrupt control logic provides standard 
Z-Bus interrupt capabilities. There are five 
registers (Master Interrupt Control register, 
three Interrupt Vector registers, and the Cur- 
rent Vector register) associated with the inter- 
rupt logic. In addition, the ports’ Command 
and Status registers and the counter/timers’ 
Command and Status registers include bits 
associated with the interrupt logic. Each of 
these registers contains three bits for interrupt 
control and status: Interrupt Pending (IP), 
Interrupt Under Service (IUS), and Interrupt 
Enable (IE). 


TO COUNTER/ 
TIMER 3 


INPUT 
BUFFER/ 
INVERTERS 
AND 


1's 
CATCHER 


PORT 


OUTPUT 
BUFFER/ 
INVERTERS 


INTERNAL PORT 


Figure 5. Port C Block Diagram 
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Figure 6. Counter/Timer Block Diagram 


Functional 
Description 


The following describes the functions 
of the ports, pattern-recognition logic, 
counter/timers, and interrupt logic. 


I/O Port Operations. Of the Z-CIO’s three 
I/O ports, two (Ports A and B) are general- 
purpose, and the third (Port C) is a special- 
purpose 4-bit port. Ports A and B can be con- 
figured as input, output, or bidirectional ports 
with handshake. (Four different handshakes 
are available.) They can also be linked to form 
a single 16-bit port. If they are not used as 
ports with handshake, they provide 16 input or 
output bits with the data direction pro- 
grammable on a bit-by-bit basis. Port B also 
provides access for Counter/Timers 1] and 2. In 
all configurations, Ports A and B can be pro- 
grammed to recognize specific data patterns 
and to generate interrupts when the pattern is 
encountered. 

The four bits of Port C provide the hand- 
shake lines for Ports A and B when required. 
A REQUEST/WAIT line can also be provided 
so that Z-CIO transfers can be synchronized 
with DMAs or CPUs. Any Port C bits not used 
for handshake or REQUEST/WAIT can be used 
as input or output bits (individually data direc- 
tion programmable) or external access lines for 
Counter/Timer 3. Port C does not contain any 
pattern-recognition logic. It is, however, 
capable of bit-addressable writes. With this 
feature, any combination of bits can be set 
and/or cleared while the other bits 
remain undisturbed without first reading the 
register. 


Bit Port Operations. In bit port operations, the 


port's Data Direction register specifies the 
direction of data flow for each bit. A 1 
specifies an input bit, and a O specifies an out- 
put bit. If bits are used as I/O bits for a 
counter/timer, they should be set as input or 
output, as required. 

The Data Path Polarity register provides the 
capability of inverting the data path. A 1 
specifies inverting, and a O specifies non- 
inverting. All discussions of the port opera- 
tions assume that the path is noninverting. 

The value returned when reading an input 
bit reflects the state of the input just prior to 
the read. A 1’s catcher can be inserted into the 
input data path by programming a 1 to the 
corresponding bit position of the port's Special 
I/O Control register. When a 1 is detected at 
the 1's catcher input, its output is set toa 1 
until it is cleared. The 1’s catcher is cleared 
by writing a 0 to the bit. In all other cases, 
attempted writes to input bits are ignored. 

When Ports A and B include output bits, 
reading the Data register returns the value 
being output. Reads of Port C return the state 
of the pin. Outputs can be specified as open- 
drain by writing a | to the corresponding bit of 
the port’s Special I/O Control register. Port C 
has the additional feature of bit-addressable 
writes. When writing to Port C, the four most 
significant bits are used as a write protect 
mask for the least significant bits (0-4, 1-5, 
2-6, and 3-7). If the write protect bit is written 
with a 1, the state of the corresponding output 
bit is not changed. 
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Functional 
Description 
(Continued) 
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Ports with Handshake Operation. Ports A and 
B can be specified as 8-bit input, output, or 
bidirectional ports with handshake. The Z-CIO 
provides four different handshakes for its 
ports: Interlocked, Strobed, Pulsed, and 
3-Wire. When specified as a port with hand- 
shake, the transfer of data into and out of the 
port and interrupt generation is under control 
of the handshake logic. Port C provides the 
handshake lines as shown in Table 1. Any Port 
C lines not used for handshake can be used as 
simple I/O lines or as access lines for Counter/ 
Timer 3. 

When Ports A and B are configured as ports 
with handshake, they are double-buffered. 
This allows for more relaxed interrupt service 
routine response time. A second byte can be 
input to or output from the port before the 
interrupt for the first byte is serviced. Nor- 
mally, the Interrupt Pending (IP) bit is set and 
an interrupt is generated when data is shifted 
into the Input register (input port) or out of the 
Output register (output port). For input and 
output ports, the IP is automatically cleared 
when the data is read or written. In bidirec- 
tional ports, IP is cleared only by command. 
When the Interrupt on Two Bytes (ITB) control 
bit is set to 1, interrupts are generated only 
when two bytes of data are available to be read 
or written. This allows a minimum of 16 bits of 
information to be transferred on each inter- 
rupt. With ITB set, the IP is not automatically 
cleared until the second byte of data is read or 
written. 

When the Single Buffer (SB) bit is set to 1, 
the port acts as if it is only single-buffered. 
This is useful if the handshake line must be 
stopped on a byte-by-byte basis. 

Ports A and B can be linked to form a 16-bit 
port by programming a | in the Port Link Con- 
trol (PLC) bit. In this mode, only Port A's 
Handshake Specification and Command and 
Status registers are used. Port B must be 
specified as a bit port. When linked, only Port 


A has pattern-match capability. Port B’s 
pattern-match capability must be disabled. 
Also, when the ports are linked, Port B’s Data 
register must be read or written before 

Port A’s. 

When a port is specified as a port with hand- 
shake, the type of port it is (input, output, or 
bidirectional) determines the direction of data 
flow. The data direction for the bidirectional 
port is determined by a bit in Port C (Table 1). 
In all cases, the contents of the Data Direction 
register are ignored. The contents of the 
Special I/O Control register apply only to out- 
put bits (3-state or open-drain). Inputs may not 
have 1's catchers; therefore, those bits in the 
Special I/O Control register are ignored. Port 
C lines used for handshake should be pro- 
grammed as inputs. The handshake specifica- 
tion overrides Port C’s Data Direction register 
for bits that must be outputs. The contents of 
Port C’s Data Path Polarity register still apply. 


Interlocked Handshake. In the Interlocked 
Handshake mode, the action of the Z-CIO must 
be acknowledged by the external device 
before the next action can take place. Figure 7 
shows timing for Interlocked Handshake. An 
output port does not indicate that new data is 
available until the external device indicates it 
is ready for the data. Similarly, an input port 
does not indicate that it is ready for new data 
until the data source indicates that the pre- 
vious byte of the data is no longer available, 
thereby acknowledging the input port's accep- 
tance of the last byte. This allows the Z-CIO to 
interface directly to the port of a Z8 microcom- 
puter, a UPC, an FIO, an FIFO, or to another 
Z-CIO port with no external logic. 

A 4-bit deskew timer can be inserted in the 
Data Available (DAV) output for output ports. 
As data is transferred to the Buffer register, 
the deskew timer is triggered. After the 
number of PCLK cycles specified by the 
deskew timer time constant plus one, DAV is 


Port A/B Configuration PC, PCo PC) PCo 

Ports A and B: Bit Ports Bit I/O Bit I/O Bit I/O Bit I/O 

Port A: Input or Output Port RFD or DAV ACKIN REQUEST/WAIT Bit I/O 
(Interlocked, Strobed, or Pulsed or Bit I/O 
Handshake)* 

Port B: Input or Output Port REQUEST/WAIT Bit I/O RFD or DAV ACKIN 
(Interlocked, Strobed, or Pulsed or Bit I/O 
Handshake)* 

Port Aor B: Input Port (3-Wire RFD (Output) DAV (Input) REQUEST/WAIT DAC (Output) 
Handshake) or Bit I/O 

Port A or B: Output Port (3-Wire DAV (Output) DAC (Input) REQUEST/WAIT RFD (Input) 
Handshake) or Bit I/O 

Port A or B: Bidirectional Port RFD or DAV ACKIN REQUEST/WAIT IN/OUT 
(Interlocked or Strobed Handshake) or Bit I/O 


*Both Ports A and B can be specified input or output with Interlocked, Strobed, or Pulsed Handshake at the same time if neither 


uses REQUEST/WAIT. 


Table 1. Port C Bit Utilization 


Functional allowed to go Low. The deskew timer therefore output port knows when all the ports have 
Description guarantees that the output data is valid for a accepted the data and are ready. This is the 
(Continued) specified minimum amount of time before DAV same handshake as is used on the IEEE-488 
goes Low. Deskew timers are available for out- bus. Because this handshake requires three 
put ports independent of the type of handshake lines, only one port (either A or B) can be a 
employed. 3-Wire Handshake port at a time. The 3-Wire 
Siscied Handehale” Inthe Sivobed Hand: Handshake is not available in the bidirectional 
shake mode, data is “strobed” into or out of mode. Because the port's direction can be 
the port by the external logic. The falling edge changed under software control, however, 
of the Acknowledge Input (ACKIN) strobes bidirectional IEEE-488-type transfers can be 
data into or out of the port. Figure 7 shows performed. 
timing for the Strobed Handshake. In contrast Pulsed Handshake. The Pulsed Handshake 
to the Interlocked Handshake, the signal (Figure 9) is designed to interface to 
indicating the port is ready for another data mechanical-type devices that require data to 
transfer operates independently of the ACKIN be held for long periods of time and need 
input. It is up to the external logic to ensure relatively wide pulses to gate the data into or 
that data overflows or underflows do not occur. out of the device. The logic is the same as the 
Interlocked Handshake mode, except that an 
3-Wire Handshake. The 3-Wire Handshake is internal counter/timer is linked to the hand- 
designed tor the situation In which one output shake logic. If the port is specified in the input 
port is communicating with many input ports mode, the timer is inserted in the ACKIN path. 
simultaneously. It is essentially the same as the The external ACKIN input triggers the timer 
Interlocked Handshake, except that two signals _—and its output is used as the Interlocked Hand- 
are used to indicate if an input port is ready shake’s normal acknowledge input. If the port 
for new data or if it has accepted the present is an output port, the timer is placed in the 
data. In the 3-Wire Handshake (Figure 8), the Data Available (DAV) output path. The timer is 
rising edge of one status line indicates that the triggered when the normal Interlocked Hand- 
port is ready for data, and the rising edge of shake DAV output goes Low and the timer out- 
another status line indicates that the data has put is used as the actual DAV output. The 
been accepted. With the 3-Wire Handshake, counter/timer maintains all of its normal 
the output lines of many input ports can be capabilities. This handshake is not available to 
bussed together with open-drain drivers; the bidirectional ports. 
INPUT HANDSHAKE OUTPUT HANDSHAKE 
DATA x vau _X DATA NEXT BYTE 
ACKIN ACKIN 
STROBED 
" cane = — = _eWgemocken 
INTERLOCKED - 
DATA MOVED HANDSHAKE 
DATA LATCHED TO INPUT BUFFER REGISTER STROBED 
IN BUFFER REGISTER REGISTER “EMPTIED” HANDSHAKE 
SHIFTED FROM 
OUTPUT REGISTER TO 
BUFFER REGISTER 
Figure 7. Interlocked and Strobed Handshakes 
INPUT HANDSHAKE OUTPUT HANDSHAKE 
DATA X va DATA NEXT BYTE 
DAV RFD 
INPUT INPUT 
RFD DAC 
OUTPUT “SATA SHIFTED et 
TO INPUT REGISTER 
DAC DAV 
OUTPUT OUTPUT 
DATA LATCHED 
IN BUFFER REGISTER BUFFER REGISTER NEXT BYTE 
“EMPTIED” SHIFTED FROM 
OUTPUT REGISTER TO 
BUFFER REGISTER 
Figure 8. 3-Wire Handshake 
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Functional 
Description 
(Continued) 


REQUEST/WAIT Line Operation. Port C can 
be programmed to provide a status signal out- 
put in addition to the normal handshake lines 
for either Port A or B when used as a port with 
handshake. The additional signal is either a 
REQUEST or WAIT signal. The REQUEST 
signal indicates when a port is ready to per- 
form a data transfer via the Z-Bus. It is 
intended for use with a DMA-type device. The 
WAIT signal provides synchronization for 
transfers with a CPU. Three bits in the Port 
Handshake Specification register provide con- 
trols for the REQUEST/WAIT logic. Because 
the extra Port C line is used, only one port can 
be specified as a port with a handshake and a 
REQUEST/WAIT line. The other port must be 
a bit port. 

Operation of the REQUEST line is modified 
by the state of the port's Interrupt on Two 
Bytes (ITB) control bit. When ITB is O, the 
REQUEST line goes active as soon as the 
Z-CIO is ready for a data transfer. If ITB is 1, 
REQUEST does not go active until two bytes 
can be transferred. REQUEST stays active as 
long as a byte is available to be read or 
written. 

The SPECIAL REQUEST function is reserved 
for use with bidirectional ports only. In this 
case, the REQUEST line indicates the status of 
the register not being used in the data path at 
that time. If the IN/OUT line is High, the 
REQUEST line is High when the Output 
register is empty. If IN/OUT is Low, the 
REQUEST line is High when the Input register 


is full. 


Pattern-Recognition Logic Operation. Both 
Ports A and B can be programmed to generate 
interrupts when a specific pattern is recog- 
nized at the port. The pattern-recognition logic 
is independent of the port application, thereby 
allowing the port to recognize patterns in all of 
its configurations. The pattern can be 
independently specified for each bit as 1, 0, 
rising edge, falling edge, or any transition. 
Individual bits may be masked off. A pattern- 
match is defined as the simultaneous satisfac- 
tion of all nonmasked bit specifications in the 
AND mode or the satisfaction of any non- 
masked bit specifications in either of the OR or 
OR-Priority Encoded Vector modes. 
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Figure 9. Pulsed Handshake 


The pattern specified in the Pattern Defini- 
tion register assumes that the data path is pro- 
grammed to be noninverting. If an input bit in 
the data path is programmed to be inverting, 
the pattern detected is the opposite of the one 
specified. Output bits used in the pattern- 
match logic are internally sampled before the 
invert/noninvert logic. 


Bit Port Pattern-Recognition Operations. Dur- 
ing bit port operations, pattern-recognition 
may be performed on all bits, including those 
used as I/O for the counter/timers. The input 
to the pattern-recognition logic follows the 
value at the pins (through the invert/noninvert 
logic) in all cases except for simple inputs with 
1’s catchers. In this case, the output of the 1's 
catcher is used. When operating in the AND 
or OR mode, it is the transition from a no- 
match to a match state that causes the inter- 
rupt. In the “OR” mode, if a second match 
occurs before the first match goes away, it 
does not cause an interrupt. Since a match 
condition only lasts a short time when edges 
are specified, care must be taken to avoid 
losing a match condition. Bit ports specified in 
the OR-Priority Encoded Vector mode generate 
interrupts as long as any match state exists. A 
transition from a no-match to a match state is 
not required. 

The pattern-recognition logic of bit ports 
operates in two basic modes: Transparent and 
Latched. When the Latch on Pattern Match 
(LPM) bit is set to 0 (Transparent mode), the 
interrupt indicates that a specified pattern has 
occurred, but a read of the Data register does 
not necessarily indicate the state of the port at 
the time the interrupt was generated. In the 
Latched mode (LPM = 1), the state of all the 
port inputs at the time the interrupt was gener- 
ated is latched in the input register and held 
until IP is cleared. In all cases, the PMF indi- 
cates the state of the port at the time it is read. 

If a match occurs while IP is already set, an 
error condition exists. If the Interrupt On Error 
bit (IOE) is 0, the match is ignored. However, 
if IOE is 1, after the first IP is cleared, it is 
automatically set to 1 along with the Interrupt 
Error (ERR) flag. Matches occurring while ERR 
is set are ignored. ERR is cleared when the 
corresponding IP is cleared. 

When a paitern-match is present in the 
OR-Priority Encoded Vector mode, IP is set to 
1. The IP cannot be cleared until a match is no 
longer present. If the interrupt vector is 
allowed to include status, the vector returned 
during Interrupt Acknowledge indicates the 
highest priority bit matching its specification at 
the time of the Acknowledge cycle. Bit 7 is the 
highest priority and bit 0 is the lowest. The bit 
initially causing the interrupt may not be the 
one indicated by the vector if a higher priority 
bit matches before the Acknowledge. Once the 
Acknowledge cycle 1s initiated, the vector is 
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frozen until the corresponding IP is cleared. 
Where inputs that cause interrupts might 
change before the interrupt is serviced, the 1's 
catcher can be used to hold the value. 
Because a no-match to match transition is not 
required, the source of the interrupt must be 
cleared before IP is cleared or else a second 
interrupt is generated. No error detection is 
performed in this mode and the Interrupt On 
Error bit should be set to 0. 


Ports with Handshake Pattern-Recognition 
Operation. In this mode, the handshake logic 
normally controls the setting of IP and, 
therefore, the generation of interrupt requests. 
The pattern-match logic controls the Pattern 
Match Flag (PMF). The data is compared with 
the match pattern when it is shifted from the 
Buffer register to the Input register (input port) 
or when it is shifted from the Output register to 
the Buffer register (output port). The pattern- 
match logic can override the handshake logic 
in certain situations. If the port is programmed 
to interrupt when two bytes of data are 
available to be read or written, but the first 
byte matches the specified pattern, the 
pattern-recognition logic sets IP and generates 
an interrupt. While PMF is set, IP cannot be 
cleared by reading or writing the data 
registers. IP must be cleared by command. 
The input register is not emptied while IP is 
set, nor is the output register filled until IP is 
cleared. 

If the Interrupt on Match Only (IMO) bit is 
set, IP is set only when the data matches the 
pattern. This is useful in DMA-type applica- 
tions when interrupts are required only after a 
block of data is transferred. 


Counter/Timer Operation. The three 
independent 16-bit counter/timers consist of a 
presettable 16-bit down counter, a 16-bit Time 
Constant register, a 16-bit Current Counter 
register, an 8-bit Mode Specification register, 
an 8-bit Command and Status register, and the 
associated control logic that links these 
registers. 


Function C/T, C/T2 C/T3 
Counter/Timer Output PB 4 PB 0 PC 0 
Counter Input PB 5 PB 1 PC ] 
Trigger Input PB 6 PB 2 PC 2 
Gate Input PB 7 PB 3 PC 3 


Table 2. Counter/Timer External Access 


The flexibility of the counter/timers is 
enhanced by the provision of up to four lines 
per counter/timer (counter input, gate input, 
trigger input, and counter/timer output) for 
direct external control and status. Counter/ 
Timer 1’s external I/O lines are provided by 
the four most significant bits of Port B. 
Counter/Timer 2’s are provided by the four 
least significant bits of Port B. Counter/Timer 
3’s external I/O lines are provided by the four 
bits of Port C. The utilization of these lines 
(Table 2) is programmable on a bit-by-bit basis 
via the Counter/Timer Mode Specification 
registers. 

When external counter/timer I/O lines are to 
be used, the associated port lines must be 
vacant and programmed in the proper data 
direction. Lines used for counter/timer I/O 
have the same characteristics as simple input 
lines. They can be specified as inverting or 
noninverting; they can be read and used with 
the pattern-recognition logic. They can also 
include the 1's catcher input. 

Counter/Timers 1 and 2 can be linked inter- 
nally in three different ways. Counter/Timer 
1’s output (inverted) can be used as Counter/ 
Timer 2's trigger, gate, or counter input. 
When linked, the counter/timers have the 
same capabilities as when used separately. The 
only restriction is that when Counter/Timer 1 
drives Counter/Timer 2’s count input, 
Counter/Timer 2 must be programmed with 
its external count input disabled. 

There are three duty cycles available for the 
timer/counter output: pulse, one-shot, and 
square-wave. Figure 10 shows the counter/ 
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Figure 10. Counter/Timer Waveforms 
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timer waveforms. When the Pulse mode is 
specified, the output goes High for one clock 
cycle, beginning when the down-counter 
leaves the count of 1. In the One-Shot mode, 
the output goes High when the counter/timer is 
triggered and goes Low when the down- 
counter reaches 0. When the square-wave out- 
put duty cycle is specified, the counter/timer 
goes through two full sequences for each 
cycle. The initial trigger causes the down- 
counter to be loaded and the normal count- 
down sequence to begin. If a 1 count is 
detected on the down-counter’s clocking edge, 
the output goes High and the time constant 
value is reloaded. On the clocking edge, when 
both the down-counter and the output are l’s, 
the output is pulled back Low. _ 

The Continuous/Single Cycle (C/SC) bit in 
the Mode Specification register controls opera- 
tion of the down-counter when it reaches ter- 
minal count. If C/SC is 0 when a terminal 
count is reached, the countdown sequence 
stops. If the C/SC bit is 1 each time the count- 
down counter reaches 1, the next cycle causes 
the time constant value to be reloaded. The 
time constant value may be changed by the 
CPU, and on reload, the new time constant 
value is loaded. 


Counter/timer operations require loading the 


time constant value in the Time Constant 
register and initiating the countdown sequence 
by loading the down-counter with the time 
constant value. The Time Constant register is 
accessed as two 8-bit registers. The registers 
are readable as well as writable, and the 
access order is irrelevant. A 0 in the Time 
Constant register specifies a time constant of 
65,536. The down-counter is loaded in one of 
three ways: by writing a 1 to the Trigger 
Command Bit (TCB) of the Command and 
Status register, on the rising edge of the exter- 
nal trigger input, or, for Counter/Timer 2 only, 
on the rising edge of Counter/Timer 1's inter- 
nal output if the counters are linked via the 
trigger input. The TCB is write-only, and read 
always returns 0. 

Once the down-counter is loaded, the count- 
down sequence continues toward terminal 
count as long as all the counter/timers’ hard- 
ware and software gate inputs are High. If any 
of the gate inputs goes Low (0), the countdown 
halts. It resumes when all gate inputs are 1 
again. 

The reaction to triggers occurring during a 
countdown sequence is determined by the state 
of the Retrigger Enable Bit (REB) in the Mode 
Specification register. If REB is 0, retriggers 
are ignored and the countdown continues nor- 
mally. If REB is 1, each trigger causes the 
down-counter to be reloaded and the count- 
down sequence starts over again. If the output 


is programmed in the Square-Wave mode, 
retrigger causes the sequence to start over 
from the initial load of the time constant. 

The rate at which the down-counter counts is 
determined by the mode of the counter/timer. 
In the Timer mode (the External Count Enable 
[ECE] bit is 0), the down-counter is clocked 
internally by a signal that is half the frequency 
of the PCLK input to the chip. In the Counter 
mode (ECE is 1), the down-counter is 
decremented on the rising edge of the counter/ 
timer’s counter input. 

Each time the counter reaches terminal 
count, its Interrupt Pending (IP) bit is set to 1, 
and if interrupts are enabled (IE=1), an inter- 
rupt is generated. If a terminal count occurs 
while IP is already set, an internal error flag is 
set. As soon as IP is cleared, it is forced toa 1 
along with the Interrupt Error (ERR) flag. 
Errors that occur after the internal flag is set 
are ignored. 

The state of the down-counter can be deter- 
mined in two ways: by reading the contents of 
the down-counter via the Current Count 
register or by testing the Count In Progress 
(CIP) status bit in the Command and Status 
register. The CIP status bit is set when the 
down-counter is loaded; it is reset when the 
down-counter reaches 0. The Current Count 
register is a 16-bit register, accessible as two 
8-bit registers, which mirrors the contents of 
the down-counter. This register can be read 
anytime. However, reading the register is 
asynchronous to the counter’s counting, and 
the value returned is valid only if the counter 
is stopped. The down-counter can be reliably 
read “on the fly” by the first writing of a 1 to 
the Read Counter Control (RCC) bit in the 
counter/timer’s Command and Status register. 
This freezes the value in the Current Count 
register until a read of the least significant 
byte is performed. 


Interrupt Logic Operation. The interrupts 
generated by the Z-CIO follow the Z-Bus 
operation as described more fully in the Zilog 
Z-Bus Summary. The Z-CIO has five potential 
sources of interrupts: the three counter/timers 
and Ports A and B. The priorities of these 
sources are fixed in the following order: 
Counter/Timer 3, Port A, Counter/Timer 2, 
Port B, and Counter/Timer 1. Since the 
counter/timers all have equal capabilities and 
Ports A and B have equal capabilities, there is 
no adverse impact from the relative priorities. 
The Z-CIO interrupt priority, relative to 
other components within the system, is deter- 
mined by an interrupt daisy chain. Two pins, 
Interrupt Enable In (IEI) and Interrupt Enable 
Out (IEO), provide the input and output 
necessary to implement the daisy chain. When 
IEI is pulled Low by a higher priority device, 
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the Z-CIO cannot request an interrupt of the 
CPU. The following discussion assumes that 
the IEI line is High. 

Each source of interrupt in the Z-CIO con- 
tains three bits for the control and status of the 
interrupt logic: an Interrupt Pending (IP) 
status bit, an Interrupt Under Service (IUS) 
status bit, and an Interrupt Enable (IE) control 
bit. IP is set when an event requiring CPU 
intervention occurs. The setting of IP results in 
forcing the Interrupt (INT) output Low, if the 
associated IE is 1. 

The IUS status bit is set as a result of the 
Interrupt Acknowledge cycle by the CPU and 
is set only if its IP is of highest priority at the 
time the Interrupt Acknowledge commences. It 
can also be set directly by the CPU. Its 
primary function is to control the interrupt 
daisy chain. When set, it disables lower prior- 
ity sources in the daisy chain, so that lower 
priority interrupt sources do not request ser- 
vicing while higher priority devices are being 
serviced. 

The IE bit provides the CPU with a means of 
masking off individual sources of interrupts. 
When IE is set to 1, an interrupt is generated 
normally. When IE is set to 0, the IP bit is set 
when an event occurs that would normally 
require service; however, the INT output is not 
forced Low. 

The Master Interrupt Enable (MIE) bit allows 
all sources of interrupts within the Z-CIO to be 
disabled without having to individually set 
each IE to O. If MIE is set to 0, all IPs are 
masked off and no interrupt can be requested 
or acknowledged. The Disable Lower Chain 


(DLC) bit is included to allow the CPU to 
modify the system daisy chain. When the DLC 
bit is set to 1, the Z-CIO’s IEO is forced Low, 
independent of the state of the Z-CIO or its IEI 
input, and all lower priority devices’ interrupts 
are disabled. 

As part of the Interrupt Acknowledge cycle, 
the Z-CIO is capable of responding with an 
8-bit interrupt vector that specifies the source 
of the interrupt. The Z-CIO contains three vec- 
tor registers: one for Port A, one for Port B, 
and one shared by the three counter/timers. 
The vector output is inhibited by setting the No 
Vector (NV) control bit to 1. The vector output 
can be modified to include status information 
to pinpoint more precisely the cause of inter- 
rupt. Whether the vector includes status or not 
is controlled by a Vector Includes Status (VIS) 
control bit. Each base vector has its own VIS 
bit and is controlled independently. When 
MIE = 1, reading the base vector register 
always includes status, independent of the 
state of the VIS bit. In this way, all the infor- 
mation obtained by the vector, including 
status, can be obtained with one additional 
instruction when VIS is set to 0. When 
MIE = 0, reading the vector register returns 
the unmodified base vector so that it can be 
verified. Another register, the Current Vector 
register, allows use of the Z-CIO in a polled 
environment. When read, the data returned is 
the same as the interrupt vector that would be 
output in an acknowledge, based on the 
highest priority IP set. If no unmasked IPs are 
set, the value FFy is returned. The Current 
Vector register is read-only. 
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Programming the Z-CIO entails loading con- 
trol registers with bits to implement the desired 
operation. Individual enable bits are provided 
for the various major blocks so that erroneous 
operations do not occur while the part is being 
initialized. Before the ports are enabled, IPs 
cannot be set, REQUEST and WAIT cannot be 
asserted, and all outputs remain high-impe- 
dance. The handshake lines are ignored until 
Port C is enabled. The counter/timers cannot 
be triggered until their enable bits are set. 

The Z-CIO is reset by forcing AS and DS 
Low simultaneously or by writing a 1 to the 
Reset bit. Once reset, the only thing that can 
be done is to read and write the Reset bit. 
Writes to all other bits are ignored and all 
reads return Os. In this state, all control bits 
are forced to 0. Only after clearing the Reset 


bit (by writing to it) can the other command 
bits be programmed. 

Register Addressing. The Z-CIO allows two 
schemes for register addressing. Both schemes 
use only six of the eight bits of the address/ 
data bus. The scheme used is determined by 
the Right Justify Address (RJA) bit in the 
Master Interrupt Control register. When RJA 
equals 0, address bus bits 0 and 7 are ignored, 
and bits 1 through 6 are decoded for the 
register address (Ag from AD)). When RJA 
equals 1, bits 0 through 5 are decoded for the 
register address (Ag from ADo). In the follow- 
ing register descriptions, only six bits are 
shown for addresses and represent address/ 
data bus bits 0 through 5 or 1 through 6, 
depending on the state of the RJA bit. 


Registers 
Master Interrupt Control Register 


Address: 000000 
(Read/Write) 


‘eRKAREa 


MASTER Peeerent bs RESET 
ENABLE (MIE) 
RIGHT JUSTIFIED ADDRESSES 
DISABLE LOWER CHAIN (DLC) 0=SHIFT LEFT (Ao from AD,) 
1=RIGHT JUSTIFY (Ap from ADo) 
NO VECTOR (NV) 
COUNTER/TIMERS VECTOR 
PORT A VECTOR INCLUDES INCLUDES STATUS (CT VIS) 


STATUS (PA VIS) 
PORT B VECTOR INCLUDES 
STATUS (PB VIS) 


PORT C AND COUNTER! 


Master Configuration Control Register 
Address: 000001 
(Read/Write) 


[Dr | De [Ds ] D4 [Ds | D2] Dy | Do 


PORT B nes COUNTER/TIMER LINK 
ENABLE (PBE) CONTROLS (LC) 
LCi CO 
eT aera 0 COUNTERITIMERS INDEPENDENT 
(CTIE) 1 C/T 1’s OUTPUT GATES CIT 2 
0 CIT 1's OUTPUT TRIGGERS CIT 2 
COUNTERITIMER 2 1 CIT 1's OUTPUT IS C/T 2’s 
ENABLE (CT2E) COUNT INPUT 


PORT A ENABLE (PAE) 


= 


—_— ot OO 


TIMER 3 ENABLE 
(PCE AND CT3E) PORT LINK CONTROL (PLC) 
0=PORTS A AND B OPERATE INDEPENDENTLY 


1=PORTS A AND B ARE LINKED 


Figure 1I. Master Control Registers 


Port Mode Specification Registers 
Addresses: 100000 Port A 
101000 Port B 
(Read/Write) 


CICACSCACICAEACY 
PORT TYPE aa 


i. LATCH ON PATTERN MATCH (LPM) 


agai Deekew TER ENABLE (DTE) 
PTS1 PTSO. (HANDSHAKE MODES) 
0  O BITPORT 
0 1 INPUT PORT PATTERN MODE SPECIFICATION 
10 OUTPUT PORT BITS (PMS) 
1 1. BIDIRECTIONAL PMS1 PMSO 
ron 0 0 DISABLE PATTERN MATCH 
INTERRUPT ON TWO 0 1 “AND’MODE 
BYTES (ITB) 1 0 “OR” MODE 
1 1 “OR-PRIORITY ENCODED 
SINGLE BUFFERED VECTOR” MODE 
MODE (SB) 


INTERRUPT ON MATCH ONLY (IMO) 


Port Handshake Specification Registers 
Addresses: 100001 Port A 
101001 Port B 
(Read/Write) 


[Dr [Be | Ds | [Ds | De | Dy | Do 
HANDSHAKE TYPE SPECIFICATION | a aa DESKEW TIME SPECIFICATION 


BITS (HST) BITS 

SPECIFIES THE MSB’s OF 
DESKEW TIMER TIME CONSTANT 
LSB IS FORCED 1 


HST1 HSTO 
0 0 
0 1 STROBED HANDSHAKE 
1 0 PULSED HANDSHAKE 
1 1 THREE-WIRE HANDSHAKE 


INTERLOCKED HANDSHAKE 


REQUESTIWAIT SPECIFICATION BITS 
(RWS) 


RWS2 RWS1 RWSO FUNCTION 
0 0 0 REQUESTIWAIT DISABLED 
0 0 1 OUTPUT WAIT 
0 1 1 INPUT WAIT 
1 0 0 SPECIAL REQUEST 
1 0 4 OUTPUT REQUEST 
1 1 1. INPUT REQUEST 


Port Command and Status Registers 
Addresses: 001000 Port A 


001001 Port B 


(Read/Partial Write) 


[Dz | Bs [Ds [D4 [Ds | 2 | Ds [Do 


INTERRUPT UNDER 
SERVICE (IUS) 


INTERRUPT ENABLE (IE) 


INTERRUPT PENDING (IP) 


IUS, IE, AND IP ARE WRITTEN USING 
THE FOLLOWING CODE: 

NULL CODE 

CLEAR IP & 1US 

SET 1US 

CLEAR !US 

SET IP 

CLEAR IP 

SET IE 

CLEAR IE 


INTERRUPT ERROR (ERR) 
(READ ONLY) 


L INTERRUPT ON ERROR (IOE) 
PATTERN MATCH FLAG (PMF) 
(READ ONLY) 


INPUT REGISTER FULL (IRF) 
(READ ONLY) 


OUTPUT REGISTER EMPTY (ORE) 
(READ ONLY) 


Figure 12. Port Specification Registers 
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Registers Data Path Polarity Registers Data Direction Registers 


(Continued) Addresses: 100010 Port A Addresses: 100011 Port A 
101010 Port B 101011 Port B 
000101 Port C (4 LSBs only) 000110 Port C (4 LSBs only) 
(Read/Write) (Read/Write) 


[Pr [Bs | Ds [D4 | Ds] 02 |] Ds | Da | [D7 | Be [Ds [Ds | De | D2 [5] Do) 
Le DATA PATH POLARITY (DPP) ee DATA DIRECTION (DD) 
PUT BIT 


0 =NON-INVERTING 0=OUT 
1=INVERTING 1=INPUT BIT 


Special I/O Control Registers 
Addresses: 100100 Port A 
101100 Port B 
000111 Port C (4 LSBs only) 
(Read/Write) 


[Pr | Ds [Bs ] Ds [De | De [Ds | Do) 
a nen SPECIAL INPUT/OUTPUT (SIO) 


0 =NORMAL INPUT OR OUTPUT Ni 
1=OUTPUT WITH OPEN DRAIN OR 
INPUT WITH 1’s CATCHER 66 
=) 
Figure 13. Bit Path Definition Registers Go 
oO 
Port Data Registers Port C Data Register N 
Addresses: 001101 Port A Address: 001111 a 
001110 Port B (Read/Write) =) 


(Read/Write) 
[D, | Dg | Ds |, [D3 | D. | Dy | Do | 
[D7 | Dy | Ds [Dg | Ds | Dz | D, | Do | 


4 MSBs 
0=WRITING OF CORRESPONDING LSB ENABLED 
1 =WRITING OF CORRESPONDING LSB INHIBITED 
(READ RETURNS 1) 


Figure 14. Port Data Registers 


Pattern Polarity Registers (PP) 


Addresses: 100101 Port A [Pr 1 Bs [Bs [Pe] Ds | D2 | Ds [Do 
101101 Port B | 
(Read/Write) 
Pattern Transition Registers (PT) 
Addresses: 100110 Port A }Dz | Dg | Ds | Dy | Ds | Dz | Dy | Do | PM PT PP PATTERN SPECIFICATION 
101110 Port B ie aGer 0 1X ANY TRANSITION 
(Read/Write) 104 
1 1 0 ONE TO-ZERO TRANSITION (4) 
1 1 1 ZERO-TO-ONE TRANSITION (/) 


Pattern Mask Registers (PM) 


Addresses: 100111 Port A [Dy | Dg | Ds | Dy | Ds | De | Dy | Dy 
101111 Port B a 
(Read/Write) 


Figure 15. Pattern Definition Registers 
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Registers Counter/Timer Command and Status Registers 
(Continued) Addresses: 001010 Counter/Timer 1 
001011 Counter/Timer 2 
001100 Counter/Timer 3 
(Read/Partial Write) 


[D7 | De [Ds | | Da | 2 [Ds [Do | 
INTERRUPT UNDER SERVICE (IUS) - | 
INTERRUPT ENABLE (IE) , 


INTERRUPT PENDING (IP) 


COUNT IN PROGRESS (CIP) 
(READ ONLY) 


TRIGGER COMMAND BIT (TCB) 
(WRITE ONLY - READ RETURNS 0) 


GATE COMMAND BIT (GCB) 


oe 


US, IE, AND IP ARE WRITTEN USING 
THE FOLLOWING CODE: 


NULL CODE 
CLEAR IP & IUS 
SET iUS 
CLEAR 1US 
SET IP 

CLEAR IP 

SET IE 

CLEAR IE 


READ COUNTER CONTROL (RCC) 
(READ/SET ONLY — 
CLEARED BY READING CCR LSB) 


INTERRUPT ERROR (ERR) 
(READ ONLY) 


Counter/Timer Mode Specification Registers 
Addresses: 011100 Counter/Timer 1 
011101 Counter/Timer 2 
011110 Counter/Timer 3 
(Read/Write) 


[97 [Be [Ds | Bs | Oa | Ba | Ds | Oo | 


CONTINUOUS SIN. i i OUTPUT DUTY CYCLE 
GLE CYCLE (C/SC) SELECTS (DCS) 
EXTERNAL OUTPUT OCS1 OCS LSE OUTPUT 
ENABLE (EOE) 
0 1 ONE-SHOT OUTPUT 
1 0 SQUARE-WAVE OUTPUT 
EXTERNAL COUNT 
PHAM ETECES 1 1 DO NOT SPECIFY 
EXTERNAL TRIGGER RETRIGGER ENABLE BIT (REB) 


ABLE (ETE 
ee ee EXTERNAL GATE ENABLE (EGE) 


ie 


Counter/Timer Current Count Registers 
Addresses: 010000 Counter/Timer 1’s MSB 
010001 Counter/Timer 1’s LSB 
010010 Counter/Timer 2’s MSB 
010011 Counter/Timer 2’s LSB 
010100 Counter/Timer 3’s MSB 
010101 Counter/Timer 3’s LSB 


(Read Only) 


CS CSCICACA CICA CACC ICE 
a as Eee 


SIGNIFICANT SIGNIFICANT 
BYTE BYTE 


Counter/Timer Time Constant Registers 
Addresses: 010110 Counter/Timer 1’s MSB 
010111 Counter/Timer 1’s LSB 
011000 Counter/Timer 2’s MSB 
011001 Counter/Timer 2’s LSB 
011010 Counter/Timer 3’s MSB 
011011 Counter/Timer 3’s LSB 


(Read/Write) 


CSAC ICAC CACY CSCC 
ee es Sea 


MOST 
SIGNIFICANT SIGNIFICANT 
BYTE BYTE 


Figure 16. Conter/Timer Registers 
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Registers 


Interrupt Vector Register 


Current Vector Register 


(Continued) Addresses: 000010 Port A Address: 011111 
000011 Port B (Read Only) 
000100 Counter/Timers 
(Read/Write) [D7 | Ds [Ds | Ds | Ds {D2 | Ds | Do) 
oe LL yeep ui 
UNMASKED IP. 
INTERRUPT VECTOR Fracunie re 
PORT VECTOR STATUS 
PRIORITY ENCODED VECTOR MODE 
D3 Oz Dy 
xX XX NUMBER OF HIGHEST PRIORITY BIT 
WITH A MATCH 
ALL OTHER MODES: 
Ds D2 Di 
ORE IRF PMF NORMAL 
0 ERROR 
COUNTER/TIMER STATUS 
D2 Ds 
0 cir 3 
0 1 crt 2 
1 0 cr 4 
14 ERROR 
Figure 17. Interrupt Vector Registers 
Register Main Control Registers Port A Specification Registers 
Address Address“ Register Name Address* Register Name 
Summary QO00000 Master Interrupt Control 100000 Port A’s Mode Specification 
000001 Master Configuration Control 100001 Port A’s Handshake Specification 
000010 Port A’s Interrupt Vector 100010 Port A’s Data Path Polarity 
000011 Port B's Interrupt Vector 100011 Port A’s Data Direction 
000100 Counter/Timer’s Interrupt Vector 100100 Port A’s Special I/O Control 
000101 Port C’s Data Path Polarity 100101 Port A's Pattern Polarity 
000110 Port C’s Data Direction 100110 Port A’s Pattern Transition 
000111 Port C’s Special I/O Control 100111 Port A's Pattern Mask 
Most Often Accessed Registers Port B Specification Registers 
Address“ Register Name Address* Register Name 
001000 Port A’s Command and Status 101000 Port B’s Mode Specification 
001001 Port B’s Command and Status 101001 Port B’s Handshake Specification 
001010 Counter/Timer 1's Command and Status 101010 Port B’s Data Path Polarity 
001011 Counter/Timer 2's Command and Status 101011 Port B’s Data Direction 
001100 Counter/Timer 3’s Command and Status 101100 Port B’s Special I/O Control 
001101 Port A’s Data 101101 Port B's Pattern Polarity 
001110 Port B’s Data 101110 Port B's Pattern Transition 
001111 Port C’s Data 101111 Port B’s Pattern Mask 
Counter/Timer Related Registers 
Address* Register Name 
010000 Counter/Timer 1’s Current Count-MSBs 
010001 Counter/Timer 1’s Current Count-LSBs 
010010 Counter/Timer 2’s Current Count-MSBs 
010011 Counter/Timer 2’s Current Count-LSBs 
010100 Counter/Timer 3's Current Count-MSBs 
010101 Counter/Timer 3’s Current Count-LSBs 
010110 Counter/Timer 1's Time Constant-MSBs 
010111 Counter/Timer 1’s Time Constant-LSBs 
011000 Counter/Timer 2’s Time Constant-MSBs 
011001 Counter/Timer 2’s Time Constant-LSBs 
011010 Counter/Timer 3’s Time Constant-MSBs 
011011 Counter/Timer 3's Time Constant-LSBs 
011100 Counter/Timer 1's Mode Specification 
011101 Counter/Timer 2's Mode Specification 
011110 Counter/Timer 3's Mode Specification 


011111 


Current Vector 


*When RJA = 0, Ag from AD), when RJA = 1, Ag from ADo 
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Timing 
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Read Cycle. The CPU places an address on 
the address/data bus. The more significant bits 
and status information are combined and 
decoded by external logic to provide two Chip 
Selects (CSo and CS}). Six bits of the least 
significant byte of the address are latched 
within the Z-CIO and used to specify a Z-CIO 
register. The data from the register specified is 
strobed onto the address/data bus when the 
CPU issues a Data Strobe (DS). If the register 
indicated by the address does not exist, the 
Z-CIO remains high-impedance. 


ADo-AD7 actrtr READ DATA 


Figure 18. Read Cycle Timing 


Write Cycle. The CPU places an address on 
the address/data bus. The more significant bits 
and status information are combined and 
decoded by external logic to provide two Chip 
Selects (CSg and CS)). Six bits of the least 
significant byte of the address are latched 
within the Z-CIO and used to specify a Z-CIO 
register. The CPU places the data on the 
address/data bus and strobes it into the Z-CIO 
register by issuing a Data Strobe (DS). 


ADo-AD7 rir WRITE DATA 


Figure 19. Write Cycle Timing 


Interrupt Acknowledge Cycle. When one of 
the IP bits in the Z-CIO goes High and inter- 
rupts are enabled, the Z-CIO pulls its INT 
output line Low, requesting an interrupt. The 
CPU responds with an Interrupt Acknowledge 
cycle. When INTACK goes Low with IP set, the 
Z-CIO pulls its Interrupt Enable Out (IEO) 


Low, disabling all lower priority devices on the 
daisy chain. The CPU reads the Z-CIO inter- 
rupt vector by issuing a Low DS, thereby 
strobing the interrupt vector onto the address/ 
data bus. The IUS that corresponds to the IP is 
also set, which causes IEO to remain Low. 


INT / 


VECTOR 


*INTACK 1s decoded from Z8000 status 


Figure 20. Interrupt Acknowledge Timing 
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Absolute 


Voltages on all inputs and outputs 


Stresses greater than those listed under Absolute Maxi- 


Maximum with respecttoGND.......... -0.3Vto +7.0V mum Ratings may cause permanent damage to the device. 
Ratinas This is a stress rating only; operation of the device at any 
g Operating Ambient condition above those indicated 1n the operational sections 
Temperature A Se Ait tent ie at fata Sat eve As Specified in of these specifications 1s not implied. Exposure to absolute 
Ordering Information maximum rating conditions for extended periods may affect 
device reliability. 
Storage Temperature........ -65°C to +150°C 
Standard The characteristics below apply for the m@+4.75V < Veo s +5.25 V 
Test following standard test conditions, unless m= GND =O0V 
Conditions otherwise noted. All voltages are referenced to 
GND. Positive current flows into the refer- m Tq as specited in Ordering Intormation 
enced pin. Standard conditions are as follows: All ac parameters assume a load capacitance 
of 50 pF max. 
ay +5V 
22K 
FROM OUTPUT 22K 
UNDER TEST 
FROM OUTPUT 
UNDER TEST 
50 pF av 
| , 50 pF il 
Figure 21. Standard Test Load Figure 22. Open-Drain Test Load 
DC Symbol Parameter Min Max Unit Condition 
Charac- 
tariatice Vig Input High Voltage 2.0 Veco + 0.3 V 
Viz. Input Low Voltage 20:9 0.8 V 
Vou Output High Voltage 2.4 V lop = — 250 pA 
Vo. Output Low Voltage 0.4 V Io, = +2.0 mA 
G.5 V Io, = +3.2 mA 
In Input Leakage £10:0 pA 04< Vy s +2.4V 
lo. Output Leakage + 10.0 uA 0.4 <= Voyr = +2.4V 
lec Voc Supply Current 200 mA 
Voc = 5 V + 5% unless otherwise specified, over specified temperature range 
Capacitance Symbol Parameter Min Max Unit Test Condition 
S Input Capacitance 10 F 
IN P r r Unmeasured Pins 
Cour Output Capacitance 15 pF eee ee ree 
Cro Bidirectional Capacitance 20 pF 


f = | MHz, over specified temperature range 
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CPU 
Interface <> @ 


Timing i: 
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ni eae 
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‘ DCE 
READ VALID 


Interrupt PATTERN MATCH PATTERN MATCHES 
Po INPUT(S 
Timing air PORT 
——________—_)_____—_> 


ACKIN 


NOTE 4 

<)> 
COUNTER 
INPUT 
PCLK 

<< —______@§ ~~» 
AS 

(28) 

iNT 


Interrupt 
Acknowledge ae (vspernea) {vector} 
Timing ©) 


INTACK 
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No. Symbol Parameter 
] TwAS AS Low Width 
2  TsA(AS) Address to AS t Setup Time 
3. ThA(AS) Address to AS t Hold Time 
4 — TsA(DS)-———— Address to DS |} Setup Time 


NOTES: 
l. 


2. 


5 TsCSO(AS) CS to AS t Setup Time 
6 ThCSO(AS) CSo to AS t Hold Time 
7  TdAS(DS) AS t to DS | Delay 
8 —TsCS1(DS)——— CS to DS | Setup Time 
9 TsRWR(DS) R/W (Read) to DS |} Setup Time 
10 TsRWW(DS) R/W (Write) to DS | Setup Time 
ll TwDS DS Low Width 
12 — TsDW(DSf) Write Data to DS | Setup Time 
13. TdDS(DRV) DS (Read) | to Address Data Bus Driven 
14 TdDSf(DR) DS | to Read Data Valid Delay 
15 ThDW(DS) Write Data to DS t Hold Time 
16 — TdDSr(DR) —— DS t to Read Data Not Valid Delay 
17. TdDS(DRz) DS t to Read Data Float Delay 
18 ThRW(DS) R/W to DS t Hold Time 
19. ThCS1(DS) CS, to DS t Hold Time 
20 TdDS(AS) DS t to AS | Delay 
21 Tre Valid Access Recovery Time 


22 TdPM(INT) 

23. TdACK(INT) 
24 — TdCI(INT) 
25 TdPC(INT) 
26 TdAS(INT) 


Pattern Match to INT Delay (Bit Port) 


PCLK to INT Delay (Timer Mode) 
AS to INT Delay 


27 ~=TslA(AS) 
28 = ThIA(AS) 
29. TsAS(DSA) 


INTACK to AS t Setup Time 
INTACK to AS t Hold Time 
AS t to DS (Acknowledge) | Setup Time 


30 — TdDSA(DR) —— DS (Acknowledge) | to Read Data Valid Delay 


31 TwDSA DS (Acknowledge) Low Width 
32 TdAS(IEC) AS t to IEO | Delay (INTACK Cycle) 
33 — TdIEI(IEO) —— IEI to IEO Delay 


34 TsIEI(DSA) 
35 ThIEI(DSA) 
36 TdDSAC(INT) 


IEO to DS (Acknowledge) | Setup Time 
IEI to DS (Acknowledge) t Hold Time 
DS (Acknowledge) | to INT t Delay 


Parameter does not apply to Interrupt Acknowledge tran- 
sactions. 

Float delay 1s measured to the time when the output has 
changed 0.5 V from steady state with minimum ac load and 
maximum dc load a 

This 1s the delay from DS f of one CIO access to DS | of 
another CIO access 

The delay 1s from DAV }| for 3-Wire Input Handshake The 
delay 1s from_DAC ft for 3-Wire Output Handshake One 
additional AS cycle is required for ports in the Single Buf- 
fered mode 


ACKIN to INT Delay (Port with Handshake) 
Counter Input to INT Delay (Counter Mode) 


4 MHz 6 MHz 
Min Max Min Max Notes*f 
70 2000 50 2000 
30 10 l 
50 30 1 
130 100 |1— 
O 0 l 
60 40 1 
60 40 ] 
100 80 
100 80 
0 0 
390 250 
30 20 
0 0 
250 180 
30 20 
0 0) 
70 45 2 
DO 40 
ets) 40 
50 25 
1000 650 3 
| ] 6 
4 4 4,6 
l 1 = 
] i 6 
0 0 
250 250 
350 250 5 
2) 180 
390 250 
350 250 5 
150———_—_—___———— 100 5— 
100 70 5 
100 70 
600 600 


5 The parameters for the devices in any particular daisy 
chain must meet the following constraint the delay from 
AS t to DS } must be greater than the sum of TdAS(IEO) 
for the highest priority peripheral, TsIEI(DSA) for the 
lowest priority peripheral, and TdIE](IEO) for each 
peripheral separating them in the chain 

6 Unmts equal to AS cycle +ns 

* Timings are preliminary and subject to change. 

t Umits in nanoseconds(ns), except as noted 
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Strobed 


Handshake DATA 
(INPUT ACKIN 
RFD 


DATA 


ACKIN 
OUTPUT 


DAV 


( DATA VALID ) 


v nC UES 


(2) 
ees eee 
(4) 

(3) 


DATA VALID y 


( 
re 
O ®) 
(ig) 
8) 


as pe 


=— 
Q) (11) 


~~ 


DATA VALID 


a 


Interlocked 
Handshake DATA 
INPUT ¢ AGKIN 
RFD 
DATA 
ourput { ACKIN 
DAV 

3-Wire 

Handshake DATA 


RFD 
OUTPUT 


DAC 
OUTPUT 


OUTPUT 


DAV 
OUTPUT 


; 


ce 
1) (7) 
SCF 


<> (19) 
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No. Symbol Parameter Min 
1 TsDI(ACK) Data Input to ACKIN | Setup Time 0 
2  ThDI(ACK) Data Input to ACKIN ! Hold Time - Strobed 

Handshake 
3  TdACK{(RFD) ACKIN | to RFD } Delay 0 
4—  TwACKl ACKIN Low Width - Strobed Handshake 
5 TwACKh ACKIN High Width - Strobed Handshake 
6  TdRFDr(ACK) RFD t to ACKIN } Delay 0 
7  TsDO(DAV) Data Out to DAV | Setup Time 25 
8 TdDAVi(ACK) DAV! to ACKIN |! Delay 0 
9—ThDO(ACK)—— Data Out to ACKIN | Hold Time l 
10 TdACK(DAV) ACKIN | to DAVt Delay l 
11 ThDI(RFD) Data Input to RFD | Hold Time - Interlocked 0 
Handshake 


12 TdRFDf(ACK) RFD } to ACKIN t Delay - Interlocked Handshake 0 


13—TdACKr(RFD)— ACKIN t (DAV Tt ) to RFD t Delay - Interlocked 
and 3-Wire Handshake 


14. TdDAVr(ACK) DAVt to ACKIN t (RFD t ) - Interlocked and 0 
3-Wire Handshake 


15 TdACK(DAV) ACKIN t (RFD ft )to DAV } Delay - Interlocked and @) 
3-Wire Handshake 


16-—— TdDAVIf(DAC)— DAV } to DAC ft Delay - Input 3-Wire Handshake @) 


17 ThDI(DAC) Data Input to DAC t Hold Time - 3-Wire 0 
Handshake 


18 TdDACOr(DAV) DAC t to DAV t Delay - Input 3-Wire Handshake 0 
19 TdDAVIr(DAC) DAV t to DAC | Delay - Input 3-Wire Handshake 0 
20— TdDAVO(DAC)-DAV | to DAC t Delay - Output 3-Wire Handshake —— 0 


21 ThDO(DAC) Data Output to DAC t Hold Time - 3-Wire ] 
Handshake 


22 TdDACIr(DAV) DAC t to DAVt Delay - Output 3-Wire Handshake ] 
23. TdDAVOr(DAC) DAV t to DAC | Delay - Output 3-Wire Handshake 0 


NOTES: 


Le 


2 Units equal to AS cycle. 


This time can be extended through the use of the deskew 


OoOnwre © 


—- OO O © 


Notes*f 


* Timings are preliminary and subject to change. All timing 


timers. references assume 2.0 V for a logic “1” and 0.8 V for a logic “0”. 


t Units in nanoseconds (ns), except as noted. 
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Counter/ 


Timer @) 
Timing PCLK hy 
(2) 
) 


GATE / 
INPUT 


TRIGGER 
INPUT 
(=e, 


LG © 
GcANGL ax ‘© 
@ 
COUNTER 
INPUT 
(12) 
> 
4 


COUNTER 
OUTPUT 
4 MHz 6 MHz 
No. Symbol Parameter Min Max Min Max Notes*f 
] ToPC PCLK Cycle Time 250 4000 165 4000 l 
2 TwPCh PCLK High Width 105 2000 70 2000 
3. TwPCl PCLK Low Width 105 2000 70 2000 
4 TfPC PCLK Fall Time 20 10 
5 TrPC PCLK Rise Time 20 15 
6S ee Counter Inpur Cycle line 0 eS 
7  TClrh Counter Input High Width 230 150 
8 TwClIl Counter Input Low Width 230 150 
9 = TiCl Counter Input Fall Time 20 15 
10. = =TrClI Counter Input Rise Time 20 15 
Lj——Ts (PC) InggerInputto PCLK.+ Setup. lime: =" ee ee D 
(Timer Mode) 
12 ~=TsTI(CI) Trigger Input to Counter Input |} Setup 2 
Time (Counter Mode) 
13 -‘TwTl Trigger Input Pulse Width (High or Low) 
14—TsGI(PC) Gate Inout to PCL Set fine eS SS SSS Se 
(Timer Mode) 
15 TsGI(Cl) Gate Input to Counter Input |! Setup 2 
Time (Counter Mode) 
16 ThGI(PC) Gate Input to PCLK ! Hold Time (Timer Z 
Mode) 
17—— ThGI(Cl) Gate Input jo. Ceunter Input’) hold SSS eee 
Time (Counter Mode) 
18 TdPC(CO) PCLK to Counter Output Delay (Timer 
Mode) 
19 TdCI(CO) Counter Input to Counter Output Delay 
(Counter Mode) 
NOTES 
1 PCLK 1s only used with the counter/timers (in Timer mode), the are valid for the next counter/timer cycle. 
deskew timers, and the REQUEST/WAIT logic _ If these func- * Timings are preliminary and subject to change. All timing refer- 
tions are not used, the PCLK input can be held low ences assume 2 0 V for a logic “1” and 0 8 V for a logic “0”. 
2 These parameters must be met to guarantee that trigger or gate t Units in nanoseconds (ns) 
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REQUEST/ 


WwW AIT PCLK 
Timing 
ms /— 
ACKIN | 
NOTE 1 
@) 
(1) (3) 
REQ 
<4) 
<2)» <———_____(§)__» 
WAIT 
4 MHz 6 MHz 
No. Symbol Parameter Min Max Min Max Notes*} 
] TdDS(REQ) DS | to REQ | Delay 
2 TdDS(WAIT) DS | to WAIT | Delay 
3. TdPC(REQ) PCLK | to REQ t Delay 
4 TdPC(WAIT) PCLK | to WAIT t Delay 
5 TdACK(REQ) ACKIN }! to REQ t Delay ae, 
6 TdACK(WAIT) ACKIN ! to WAIT t Delay 3 
NOTES: a 3 Units equal to PCLK cycles + ns. 
1. The Delay 1s from DAV ! for the 3-Wire Input Handshake The * Timings are preliminary and subject to change. All timing refer- 
delay is from DAC 1 for the 3-Wire Output Handshake. ences assume 2.0 V for a logic “1” and 0.8 V for a logic “0”. 
2. Units equal to AS cycles + PCLK cycles + ns. T Units 1n nanoseconds (ns), except as noted. 
Reset 
Timing ks 
Ds 
RESET / 
INTERNAL 
4 MHz 6 MHz 
No. Symbol Parameter Min Max Min Max Notes*t 
] TdDSQ(AS) Delay from DS t to AS | for No Reset 40 15 
2 TdASQO(DS) Delay from AS t to DS | for No Reset 50 30 
3. TwRES Minimum Width of AS and DS both Low for Reset 250 170 ] 
NOTES - * Timings are preliminary and subject to change. All timing refer- 
1 Internal circuitry allows for the reset provided by the Z8 (DS ences assume 2.0 V for a logic “1” and 0 8 V for a logic “0”. 
held Low while AS pulses) to be sufficient t Units 1n nanoseconds (ns) 
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Miscellaneous Or + 
Port ANY INPUT 
Timing 
1’s CATCHER 
INPUT 
PATTERN 
MATCH 
INPUT(S) 
<—______(§)}—______» 
LAYCHED TO 
PATTERN MATCH 
4 MHz 6 MHz 
No. Symbol Parameter Min Max Min Max Notes*tT 
] Trl Any Input Rise Time 100 100 
2 ‘Titi Any Input Fall Time 100 100 
3. Twl's l’s Catcher High Width 250 170 ] 
4 TwPM Pattern Match Input Valid (Bit Port) 750 500 
5 TsPMD Data Latched on Pattern Match Setup Time (Bit Port) @) Q 
6 ThPMD Data Latched on Pattern Match Hold Time (Bit Port) 1000 650 
NOTES 
1 If the input 1s programmed inverting, a Low-going pulse of the * Timings are preliminary and subject to change. All timing refer- 
same width will be detected ences assume 2.0 V for a logic “1” and 0 8 V for a logic “0”, 
+ Units in nanoseconds (ns) 
Ordering Product Package/ Product Package/ sd 
Information Number Temp Speed Description Number Temp Speed Description 
28036 CE 4.0 MHz Z-CIO (40-pin) Z8036A CE 6.0 MHz Z-C1O (40-pin) 
Z8036 CM 6.0 MHz Same as above Z8036A CM 6.0 MHz Same as above 
28036 CMB 6.0 MHz Same as above Z8036A CMB 6.0 MHz Same as above 
Z8036 Cs 4.0 MHz Same as above Z8036A Cs 6.0 MHz Same as above 
Z8036 DE 4.0 MHz Same as above Z8036A DE 6.0 MHz Same as above 
Z8036 DS 4.0 MHz Same as above Z8036A DS 6.0 MHz Same as above 
Z8036 PE 4.0 MHz Same as above Z8036A PE 6.0 MHz Same as above 
Z8036 PS 4.0 MHz Same as above Z8036A PS 6.0 MHz Same as above 


NOTES C = Ceramic, D = Cerdip, P = Plastic, E = -40°C to +85°C, MB = -55°C to 125°C with MIL-STD-883 with Class B processing, 
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S = 0°C to +70°C 
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Z8038 Z8000™ 
Z-FIO FIFO Input/ 
Output Interface Unit 


Y, Product 


a au a 
Zilog Specification 
June 1982 
Features @ 128-byte FIFO buffer provides asynchronous m™ Seven sources of vectored/nonvectored 
bidirectional CPU/CPU or CPU/peripheral interrupt which include pattern-match, 
interface, expandable to any width in byte byte count, empty or full buffer status; 
increments by use of multiple FIOs. a dedicated “mailbox” register with 
m@ Interlocked 2-Wire or 3-Wire Handshake interrupt capability provides CPU/CPU 
logic port mode; Z-BUS or non-Z-BUS communication. 
interface. @ REQUEST/WAIT lines control high-speed 
m Pattern-recognition logic stops DMA data transters. 
transfers and/or interrupts CPU; preset byte m All functions are software controlled via 
count can initiate variable-length DMA directly addressable read/write registers. 
transfers. 
General The Z8038 FIO provides an asynchronous 2-Wire Handshake, and 3-Wire Handshake 
Description 128-byte FIFO buffer between two CPUs or operating modes. These modes interface 
between a CPU and a peripheral device. This dissimilar CPUs or CPUs and peripherals 
buffer interface expands to a 16-bit or wider running under differing speeds or protocols, 
data path and expands in depth to add as allowing asynchronous data transactions and 
many Z8060 FIFOs (and an additional FIO) as improving I/O overhead by as much as two 
are needed. orders of magnitude. Figures 1 and 2 show 
The FIO manages data transfers by assuming how the signals controlling these operating 
Z-BUS, non-Z-BUS microprocessor (a general- modes are mapped to the FIO pins. 


ized microprocessor interface), Interlocked 


1 
I Dg 
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| 


DATA | D4 sua pl 4 37 
BUS ~<«—>! D D. 
i PORT |PORT ei HO s 36 LJ] 
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p, SIDE on D, ar at 
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| 3100 
—r] CC 1 Cc 
CONTROL o z8038 o CONTROL Do[J 11 30 
FIO D,{_] 12 29 [1 Do 
LE | le! De] 13 28 [J D1 
(F] 1 D3{_| 14 27 [ ] D2 
—> = : S Daf] 15 26 { | D3 
<<. 
INTERRUPT ou ! TT INTERRUPT Ds{_| 16 25 ]D, 
| De[_] 17 241 [Ds 
1 D7} 18 23 LJ D6 
M 
CONFIGURATION : l MC] 19 22 [D7 
Mo | GND[-] 20 21 [J Mo 
+5V GND 
Figure 1. Pin Functions Figure 3. FIO Block Diagram 
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Description 
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The FIO supports the Z-BUS interrupt pro- 
tocols, generating seven sources of interrupts 
upon any of the following events: a write to a 
message register, change in data direction, 
pattern match, status match, over/underflow 


error, buffer full and buffer empty status. Each 


interrupt source can be enabled or disabled, 
and can also place an interrupt vector on the 
port address/data lines. 

The data transfer logic of the FIO has been 


My 


CONTROL AND 
INTERFACE 
LOGIC 


CPU 
INTERFACE 


DATA 
BUFFER 
REGISTER 


Operating Modes. Ports 1 and 2 operate in 
any of twelve combinations of operating 
modes, listed in Table 2. Port 1 functions in 


MESSAGE 
: REGISTERS i 


STATUS LOGIC 
AND REGISTERS 


128 X 8 


FIFO BUFFER 


PORT 1 SIDE | 


either the Z-BUS or non-Z-BUS microprocessor 


modes, while Port 2 functions in Z-BUS, non- 
Z-BUS, Interlocked 2-Wire Handshake, and 
3-Wire Handshake modes. Table 1 describes 
the signals and their corresponding pins in 
each of these modes. 


Control 
Signal z-BUS Z-BUS 
Pins Low Byte High Byte 
[a] REQ/WT = REQ/WT 
DMASTB DMASTB 
DS DS 
[D] R/W R/W 
[E] CS CS 
[F| AS AS 
[a] INTACK Ao 
[x] IEO Ay 
[1] IEI A2 
LJ] INT A3 
*2 side only. 


specially designed to work with DMA (Direct 
Memory Access) devices for high-speed 
transfers. It provides for data transfers to or 
from memory each machine cycle, while the 
DMA device generates memory address and 
control signals. The FIO also supports the 
variably sized block length, improving system 
throughput when multiple variable length 
messages are transferred amongst several 
sources. 


CONTROL AND 
INTERFACE 
LOGIC 


cPu 
INTERFACE 


OR 
110 PORT 


DATA 
BUFFER 
REGISTER 


PORT 2 SIDE 


The pin diagrams of the FIO are identical, 
except for two pins on the Port 1 side, which 
select that port’s operating mode. Port 2’s 
operating mode is programmed by two bits in 
Port 1's Control register 0. Table 2 describes 
the combinations of operating modes; Table 3 
describes the control signals mapped to pins 
A-J in the five possible operating modes. 


Interlocked 3-Wire 
Non-Z-BUS HS Port* HS Port* 
REQ/WT  RFD/DAV _ RFD/DAV 
DACK ACKIN DAV/DAC 
RD FULL DAC/RFD 
WR EMPTY EMPTY 
CE CLEAR CLEAR 
C/D DATA DIR DATADIR 
INTACK INo INo 
IEO OUT] OUT] 
IEI OE OE 
INT OUT3 OUT3 


Table 1. Pin Assignments 
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Functional Mode M,; Mo _ By Bo Port 1 Port 2 


Description 
(C ontinue d) 0 0 0 0 0 Z-BUS Low Byte Z-BUS Low Byte 
l 0 0 0 l Z-BUS Low Byte Non-Z-BUS 
2 0 0 l 0 Z-BUS Low Byte 3-Wire Handshake 
3 0 0 ] ] Z-BUS Low Byte 2-Wire Handshake 
4 0 ] 0 0 Z-BUS High Byte Z-BUS High Byte 
5 0 ] 0 1 Z-BUS High Byte Non-Z-BUS 
6 0 l l 0 Z-BUS High Byte 3-Wire Handshake 
7 0 ] ] ] Z-BUS High Byte 2-Wire Handshake 
8 ] 0 0 0 Non-Z-BUS Z-BUS Low Byte 
9 l 0 0 1 Non-Z-BUS Non-Z-BUS 
10 l 0 l 0 Non-Z-BUS 3-Wire Handshake 
1] ] 0 ] l Non-Z-BUS 2-Wire Handshake 


Table 2. Operating Modes 


eee ea) CHANNEL A 
- a CHANNEL B 
CEE 
2. nine <8> 
DMASTB REQ 
PORT 3 
<8> 
Gy Z-DTC 
SYSTEM DMASTB REQ 
MEMORY 
| | 280 BUS 
= 0 
DMASTB 
HANDSHAKE 
j~<a-————- { SIGNALS 
SYSTEM 
Z 


2-BUS 280 BUS 


Figure 4. CPU to CPU Configuration Figure 5. CPU to I/O Configuration 
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Pins Common Pin Pin Pin Signal 
To Both Sides Signals Names Numbers Description 
Mo Mo 21 M and Mg program Port 1 
M) M) 19 side CPU interface 
+5 Vde +5 Vde 40 DC power source 
GND GND 20 DC power ground 
Z-BUS Pin Numbers 
Low Byte Pin Pin Port Signal 
Mode Signals Names l 2 Description 
ADjp-ADz Do-D7 11-18 29-22 Multiplexed bidirectional address/data lines, Z-BUS 
(Address/Data) compatible. 
REQ/WAIT A l 39 Output, active Low, REQUEST (ready) line for DMA 
(Request/Waat) transfer; WAIT line (open-drain) output for syn- 
chromzed CPU and FIO data transfers. 
DMASTB B 2 38 Input, active Low. Strobes DMA data to and from 
(Direct Memory the FIFO buffer. 
Access Strobe) 
DS C 3 of Input, active Low. Provides timing for data trans- 
(Data Strobe) fer to or from FIO. 
R/W D 4 36 Input; active High signals CPU read from FIO; 
(Read/Write) active Low signals CPU write to FIO. 
CS E 3) 35 Input, active Low. Enables FIO. Latched on the 
(Chip Select) rising edge of AS. 
AS Fe 6 34 Input, active Low. Addresses, CS and INTACK 
(Address Strobe) sarnpled while AS Low. 
INTACK G qf 33 Input, active Low. Acknowledges an interrupt. 
(Interrupt Latched on the rising edge of AS. 
Acknowledge) 
IEO H 8 32 Output, active High. Sends interrupt enable to 
(Interrupt lower priority device IEI pin. 
Enable Out) 
IEI J 9 31 Input, active High. Receives interrupt enable from 
(Interrupt higher priority device IEO signal. 
Enable In) 
INT J 10 30 Output, open drain, active Low. Signals FIO inter- 
(Interrupt) rupt request to CPU. 
Z-BUS Pin Numbers 
High Byte Pin Pin Port Signal 
Mode Signals Names 1 2 Description 
ADj-AD7 Do-D7 11-18 29-22 Multiplexed bidirectional address/data lines, Z-BUS 
(Address/Data) compatible. 
REOQ/WAIT A l 39 Output, active Low, REQUEST (ready) line for DMA 
(Request/Wait) transfer; WAIT line (open-drain) output for syn- 
chronized CPU and FIO data transfers. 
DMASTB B 2 38 Input, active Low. Strobes DMA data to and from the 
(Direct Memory FIFO buffer. 
Access Strobe) 
DS C 3 37 Input, active Low. Provides timing for transfer of data 
(Data Strobe) to or from FIO. 
R/W D 4 36 Input, active High. Signals CPU read from FIO; active 
(Read/Write) Low signals CPU write to FIO. 
CS E 5 35 Input, active Low. Enables FIO. Latched on the 
(Chip Select) rising edge of AS. 
AS F 6 34 Input, active Low. Addresses, CS and INTACK are 
(Address Strobe) sampled while AS 1s Low. 
Ao G 7 33 Input, active High. With A), Az, and A3, addresses 
(Address Bit 0) FIO internal registers. 
Aj H 8 32 Input, active High. With Ao, Az, and A3, addresses 
(Address Bit 1) FIO internal registers. 
A2 I 9 31 Input, active High. With Ao, Aj, and A3, addresses 
(Address Bit 2) FIO internal registers. 
A3 J 10 30 Input, active High. With Ap, Aj, and Ag, addresses 


(Address Bit 3) 


FIO internal registers. 
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Non-Z-BUS Pin Numbers 
de Pin Pin Port Signal 
Mo Signals Names l 4 Description 
Do-D7 Do-D7 11-18 29-22 Bidirectional data bus. 
(Data) 
REQ/WT A l 39 Output, active Low, REQUEST (ready) line for DMA 
(Request/Wait) transfer, WAIT line (open-drain) output for syn- 
chronized CPU and FIO data transfer. 
DACK B 2 38 Input, active Low DMA acknowledge 
(DMA Acknowledge) 
RD Cc 3 or Input, active Low Signals CPU read from FIO 
(Read) 
WR D 4 36 Input, active Low Signals CPU write to FIO 
(Write) 
CE E 5 35 Input, active Low. Used to select FIO. 
(Chip Select) 
C/D F 6 34 Input, active High Identifies contro! byte on Dg-D7; 
(Control/Data) active Low identifies data byte on Dg-D7. 
INTACK G 7 33 Input, active Low Acknowledges an interrupt. 
(Interrupt 
Acknowledge) 
IEO H 8 32 Output, active High Sends interrupt enable to 
(Interrupt lower priority device IEI pin. 
Enable Out) 
IE] I 9g or Input, active High. Receives interrupt enable from 
(Interrupt higher priority device IEO signal 
Enable In) 
INT J 10 30 Output, open drain, active Low Signals FIO interrupt 
(Interrupt) to CPU: 
Port 2—I/O Pin Pin Pin Signal 
Port Mode Signals Names Numbers Mode Description 
Do-D7 Do-D7 29-22 2-Wire HS* Bidirectional data bus 
(Data) 3-Wire HS 
RFD/DAV A 39 2-Wire HS Output, RFD active High. Signals peripherals that FIO 
(Ready for Data/Data 3-Wire HS is ready to receive data DAV active Low signals 
Available) that FIO 1s ready to send data to peripherals. 
ACKIN B 38 2-Wire HS Input, active Low Signals FIO that output data 1s 
(Acknowledge Input) received by peripherals or that input data 1s valid. 
DAV/DAC B 38 3-Wire HS Input; DAV (active Low) signals that data 1s valid on 
(Data Available/Data bus. DAC (active High) signals that output data 1s 
Accepted) accepted by peripherals 
FULL @; 37 2-Wire HS Output, open drain, active High Signals that FIO 
buffer 1s full. 
DAC/RFD GC 37 3-Wire HS Direction controlled by internal programming. Both 
(Data Accepted/Ready active High DAC (an output) signals that FIO has 
for Data) received data from peripheral; RFD (an input) signals 
that the listeners are ready for data. 
EMPTY D 36 2-Wire HS Output, open drain, active High Signals that FIFO 
3-Wire HS buffer 1s empty. 
CLEAR E 35 2-Wire HS Programmable input or output, active Low. Clears all 
3-Wire HS data from FIFO buffer 
DATA DIR F 34 2-Wire HS Programmable input or output. Active High signals 
(Data Direction) 3-Wire HS data input to Port 2; Low signals data output from 
Port 2 
INo G 33 2-Wire HS Input line to Do of Control Register 3. 
3-Wire HS 
OUT, H 32 2-Wire HS Output line from D of Control Register 3 
3-Wire HS 
OE I 31 2-Wire HS Input, active Low When Low, enables bus drivers 
(Output Enable) 3-Wire HS When High, floats bus drivers at high impedance 
OUT3 J 30 2-Wire HS Output line from D3 of Control register 3. 
3-Wire HS 
“Handshake 


Table 3. Signal/Pin Descriptions (Continued) 
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The FIO can be reset under either hardware 
or software control by one of the following 
methods: 


@ By forcing both AS and DS Low simultane- 
ously in Z-BUS mode (normally illegal). 


Reset 


@ By forcing RD and WR Low simultaneously 
in non-Z-BUS mode. 


m By writing a 1 to the Reset bit in Control 
register 0 for software reset. 


In the Reset state, all control bits are cleared 
to 0. Only after clearing the Reset bit (by 


writing a 0 to it) can the other command bits 
be programmed. This action is true for both 
sides of the FIO when programmed as a CPU 
interface. 

For proper system control, when Port 1 is 
reset, Port 2 is also reset. In addition, all Port 
2's outputs are floating and all inputs are 
ignored. To initiate the data transfer, Port 2 
must be enabled by Port 1. The Port 2 CPU 
can determine when it is enabled by reading 
Control register 0, which reads “floating’’ data 
bus if not enabled and “Oly” if enabled. 


CPU 
Interfaces 


The FIO is designed to work with both 
Z-BUS- and non-Z-BUS-type CPUs on both Port 
1 and Port 2. The Z-BUS configuration inter- 
faces CPUs with time-multiplexed address and 
data information on the same pins. The Z8001, 
Z8002, and Z8 are examples of this type of 
CPU. The AS (Address Strobe) pin is used to 
latch the address and chip select information 
sent out by the CPU. The R/W (Read/Write) 
pin and the DS (Data Strobe) pin are used 
for timing reads and writes from the CPU to 


ADDRESS 
VALID 


ADo-AD7 


the FIO (Figures 6 and 7). 

The non-Z-BUS configuration is used for 
CPUs where the address and data buses are 
separate. Examples of this type of CPU are the 
Z80 and 8080. The RD (Read) and WR (Write) 
pins are used to time reads and writes from the 
CPU to the FIO (Figures 9 and 10). The C/D 
(Control/Data) pin is used to directly access 
the FIFO buffer (C/D=0) and to access the 
other registers (C/D=1). Read and write to all 


TO CPU 


Figure 6. Z-BUS Read Cycle Timing 


ADo-AD7 


ADDRESS 
VALID 


DATA FROM CPU 


Figure 7. Z-BUS Write Cycle Timing 
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CPU registers except the FIFO buffer! are two-step RD OR WR 
Interfaces operations, described as follows (Figure 8). ee 
(Continued) First, write the address (C/D = 1) of the register (CID = 1) 
to be accessed into the Pointer Register (State StATE® State! 
0); second, read or write (C/D=1) to the bi era _ 
register pointed at previously (State 1). Con- 
tinuous status monitoring can be performed in pe 
State 1 by continuous Control Read operations waecodace 
(C/D=1). REGISTER 0 
RESET = 0 
IThe FIFO buffer can also be accessed by this two-step operation Figure 8. Register Access in Non-Z-BUS Mode 
CE \ / 
Figure 9. Non-Z-BUS Read Cycle Timing 
WR \ / 
Figure 10. Non-Z-BUS Write Cycle Timing 
WAIT When data is output by the CPU, the When data is input by the CPU, the 
Operation REQ/WT (WAIT) pin is active (Low) only when REQ/WT pin becomes active (Low) only when 
the FIFO buffer is full, the chip is selected, the FIFO buffer is empty, the chip is selected, 
and the FIFO buffer is addressed. WAIT goes and the FIFO buffer is addressed. WAIT goes 
inactive when the FIFO buffer is not full. inactive when the FIFO buffer is not empty. 
Interrupt The FIO supports Zilog’s prioritized daisy Undertlow Error, Buffer Full, and Buffer 
Operation chain interrupt protocol for both Z-BUS and Empty. Each interrupt source has three bits 


non-Z-BUS operating modes (for more details 
refer to the Zilog Z-BUS Summary). 

Each side of the FIO has seven sources of 
interrupt. The priorities of these devices are 
fixed in the following order (highest to lowest): 
Mailbox Message, Change in Data Direction, 
Pattern Match, Status Match, Overflow/ 
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that control how it generates the interrupt. 
These bits are Interrupt Pending (IP), 
Interrupt Enable (IE), and Interrupt Under 
Service (IUS). 

In addition, each side of the FIO has an 
interrupt vector and four bits controlling the 
FIO interrupt logic. These bits are Vector 
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Interrupt Includes Status (VIS), Master Interrupt Enable 


VIS bit. In this way, when VIS = 0, all infor- 


Operation (MIE), Disable Lower Chain (DLC), and No mation can be obtained with one additional 
(Continued) Vector (NV). read, thus conserving vector space. When 
A typical Interrupt Acknowledge cycle for MIE = 0, reading the vector register returns 
Z~-BUS operation is shown in Figure 11 and for the unmodified base vector so that it can be 
non-Z-BUS operation in Figure 12. The only verified. 
difference is that in Z-BUS mode, INTACK is In non-Z-BUS mode, the IPs do not get set 
latched by AS, and in non-Z-BUS mode while in State 1. Therefore, to minimize inter- 
INTACK is not latched. rupt latency, the FIO should be left in State 0. 
When MIE = 1, reading the vector always In Z-BUS mode IPS are set by an AS following 
includes status, independent of the state of the the event. 
iNTACK \ / 
1EI / 
INT / 
Figure 11. Z-BUS Interrupt Acknowledge Cycle 
TH / 
iNT / 
Figure 12. Non-Z-BUS Interrupt Acknowledge Cycle 
CPU toCPU DMA Operation. The FIO is particularly well however, the CS (Chip Select) signal is not 
Operation suited to work with a DMA in both Z-BUS and ignored and therefore must be kept invalid. 


non-Z-BUS modes. A data transfer between the 
FIO and system memory can take place during 
every machine cycle on both sides of the FIO 
simultaneously. 

In Z-BUS mode, the DMASTB pin (DMA 
Strobe) is used to read or write into the FIFO 
buffer. The R/W (Read/Write) and DS (Data 
Strobe) signals are ignored by the FIO; 


Figures 13 and 14 show typical timing. 

In Non-Z-BUS mode, the DACK pin (DMA 
Acknowledge) is used to tell the FIO that its 
DMA request is granted. After DACK goes 
Low, every read or write to the FIO goes into 
the FIFO: buffer. Figures 15 and 16 show 
typical timing. 
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CPU to CPU 


® ADDRESS 


(Continued) 


Figure 13. Z-BUS FIO to Memory Data Transaction 


AID BUS oor eae DATA FROM MEMORY TO FIO 


DMASTB \ / 


Figure 14. Z-BUS Memory to FIO Data Transaction 


ADDRESSES MEMORY ADDRESS OF WRITE 
DATA 


DACK \ 


Figure 15. Non-Z-BUS FIO to Memory Transaction 


ADDRESSES XX _wewony aooness or neao x ADDRESS OF READ 
DATA DATA FROM 
BUS MEMORY TO FIO 


Figure 16. Non-Z-BUS Memory to FIO Data Transaction 
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CPU to CPU 
Operation 
(Continued) 
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The FIO provides a special mode to enhance 
its DMA transfer capability. When data is 
written into the FIFO buffer, the REQ/WT 
(REQUEST) pin is active (Low) until the FIFO 
buffer is full. It then goes inactive and stays 
inactive until the number of bytes in the FIFO 
buffer is equal to the value programmed into 
the Byte Count Comparison register. Then the 
REQUEST signal goes active and the sequence 
starts over again (Figure 17). 


REQ 


ACTIVE 


INACTIVE 


NUMBER IN BYTE COUNT COMPARISON REGISTER 


NOTES: 
FIFO empty. 

. REQUEST enabled, FIO requests DMA transfer. 

. DMA transfers data into the FIO. 

. FIFO full, REQUEST inactive. 

. The FIFO empties from the opposite port until the number 
of bytes 1n the FIFO buffer 1s the same as the number pro- 
grammed in the Byte Count Comparison register. 


Om ON 


Figure 17. Byte Count Control: Write to FIO 


Message Registers. Two CPUs can communi- 
cate through a dedicated “mailbox” register 
without involving the 128 x 8 bit FIFO buffer 
(Figure 19). This mailbox approach is useful 
for transferring control parameters between 
the interfacing devices on either side of the 
FIO without using the FIFO buffer. For 
example, when Port 1’s CPU writes to the 
Message Out register, Port 2’s message IP is 
set. If interrupts are enabled, Port 2’s CPU is 


NUMBER OF BYTES IN FIFO 


__When data is read from the FIO, the 
REQ/WT pin (REQUEST) is inactive until the 
number of bytes in the FIFO buffer is equal to 
the value programmed in the Byte Count Com- 
parison register. The REQUEST signal then 
goes active and stays active until the FIFO buf- 
fer is empty. When empty, REQUEST goes 
inactive and the sequence starts over again 
(Figure 18). 


ACTIVE 


INACTIVE 


NUMBER IN BYTE COUNT COMPARISON REGISTER 


NOTES: 
1. FIFO empty. 
2. CPU/DMA fills FIFO buffer from the opposite port. 
3. Number of bytes in FIFO buffer 1s the same as the number 
of bytes programmed in the Byte Count Comparison register. 
4. REQUEST goes active. 
5. DMA transfers data out of FIFO until it 1s empty. 


Figure 18. Byte Count Control: Read from FIO 


interrupted. Port 2’s message IP status is 
readable from the Port 1 side. When Port 2's 
CPU reads the data from its Message In regis- 
ter, the Port 2 IP is cleared. Thus, Port 1's 
CPU can read when the message has been 
read and can now send another message or 
follow whatever protocol that is set up between 
the two CPU’s. The same transfer can also be 
made from Port 2’s CPU to Port 1’s CPU. 


REGISTER REGISTER 
ADDRESS MESSAGE ADDRESS 
PORT 1 Cc REGISTER B 
MESSAGE OUT 
REGISTER PORT 2 
MESSAGE IN 
REGISTER 


PORT 1 
MESSAGE IN stare 
REGISTER PORT 2 
MESSAGE OUT 
REGISTER 


REGISTER 
ADDRESS 
“B ” 


REGISTER 
ADDRESS 
“CG ” 


NOTE: Usable only for CPU/CPU interface. 


Figure 19. Message Register Operation 
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CPU toCPU CLEAR (Empty) FIFO Operation. The CLEAR Data Direction bit controls the direction of data 

Operation FIFO bit (active Low) clears the FIFO buffer of transfer in the FIFO buffer. The Data Direction 

(Continued) data. Writing a 0 to this bit empties the FIFO bit is defined as 0 = output from CPU and 
buffer, inactivates the REQUEST line, and 1 = input to CPU. This bit reads correctly 
disables the handshake (if programmed). The when read by either port's CPU. For example, 
CLEAR bit does not affect any control or data if Port 1’s CPU reads a 0 (CPU output) in its 
register. To remove the CLEAR state, write a 1 Data Direction bit, then Port 2’s CPU reads a 1 
to the CLEAR bit. (input to CPU) in its Data Direction bit. 

In CPU/CPU mode, under program control, In CPU/CPU mode, under program control, 
only one of the ports can empty the FIFO by only one of the ports can control the direction 
writing to its Control Register 3, bit 6. The of data transfer. The Port 1 CPU must program 
Port 1 CPU must program bit 7 in Control bit 5 in Control Register 3 to determine which 
Register 3 to determine which port controls the port controls the data direction (0 = Port 1 
CLEAR FIFO operation (0 = Port 1 control; control; 1 = Port 2 control). Figure 20 shows 
1 = Port 2 control). FIO data transfer options. 

Direction of Data Transfer Operation. The 
INITIALIZE (PROGRAM REGISTERS FOR OPERATING MODE, 
PORT 1 PORT 2 CONFIGURATION, DATA TRANSFER CONTROL, ETC) 
PORT 1 
ENABLES 
PORT 2 
PORT 1 (CPU) PORT 2 (CPU) PORT 2 (1/0) 
XCHAN YTES 
yest VIA MESSAGE REGISTER 2-WIRE 3-WIRE 
PARAMETERS PARAMETERS HANDSHAKE HANDSHAKE 
WITH PORT 2 WITH PORT 1 INTERFACE INTERFACE 
CPU CPU 
(OMA OR INTERRUPT- TRANSFERS DATA BYTE- 
DRIVEN TRANSFERS, AS AT-A-TIME UNTIL 
FOR PORT 1) FIFO BUFFER IS 
| Full OR Empty 
l \ 7 
INTERRUPT- | ig 
CONTROLLED DRIVEN 
TRANSFER TRANSFER Y y 
| 
TERMINATES ON ANY TERMINATES ON ANY | | 
OF THESE CONDITIONS: OF THESE CONDITIONS. 
*DMA BLOCK LENGTH REGISTER = 0 *CPU COMPLETES BUFFER DUMP | | 
sFtO PATTERN MATCH INTERRUPT “FIO PATTERN MATCH INTERRUPT | | 
BYTE COUNT DISABLES REQ FIO BYTE COUNT INTERRUPT 
| “FIO Full / Empty INTERRUPT | | 
| | | 
LL 2 | | 
N a l 
~ a l 
<< 4 | 
YY 
| | | 
| 
EICHANGE VIA MESSAGE REGISTERS ek | 
PARAME: ERS — - - —- ~~] PARAMETERS 
WITH PORT 2 WITH PORT 4 | 
CPU CPU l 
Figure 20. FIO Data Transfer Options 
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CPU to I/O 
Operation 


292 


When Port 2 is programmed in the Inter- 
locked 2-Wire Handshake mode or the 3-Wire 
Handshake mode, and Port A is programmed 
in Z-BUS or non-Z-BUS Microprocessor mode, 
the FIO interfaces a CPU and a peripheral 
device. In the Interlocked 2-Wire Handshake 
mode, RFD/DAV and ACKIN strobe data to 
and from Port 2. In the 3-Wire Handshake 
mode, RFD/DAV, DAV/DAC, and DAC/RFD 


signals control data flow. 


Interlocked 2-Wire Handshake. In the Inter- 
locked Handshake, the action of the FIO must 
be acknowledged by the other half of the 
handshake before the next action can take 
place. In output mode, Port 2 does not indicate 
that new data is available until the external 
device indicates it is ready for the data. 
Similarly, in input mode, Port 2 does not indi- 
cate that it is ready for new data until the data 
source indicates that the previous byte of the 
data is no longer available, thereby acknowl- 
edging Port 2’s acceptance of the last byte. 
This allows the FIO to directly interface to a 
Z8's port, a CIO's port, a UPC’s port, another 
FIO port, or another FIFO Z8060, with no 
external logic (Figures 21 and 22). 


3-Wire Handshake. The 3-Wire Handshake is 
designed for applications in which one output 
port 1s communicating with many input ports 
simultaneously. It 1s essentially the same as the 
Interlocked Handshake, except that two signals 
are used to indicate that an input port is ready 
for new data or that it has accepted the present 
data. In the 3-Wire Handshake, the rising 
edge of the RFD status line indicates that the 
port is ready for data, and the rising edge of 
the DAC status line indicates that the data has 
been accepted. With 3-Wire Handshake, the 
lines of many input ports can be bussed 
together with open-drain drivers and the out- 


put port knows when all of the ports are ready 
and have accepted the data. This handshake is 
the same handshake used in the IEEE-488 
Instruments. Since the port's direction can be 
changed under software control, bidirectional 
[EEE-488-type transfers can be performed. 
Figures 23 and 24 show the timings associated 
with 3-Wire Handshake communications. 


CLEAR FIFO Operation. In CPU-to-I/O 
operation, the CLEAR FIFO operation can be 
performed by the CPU side (Port 1) under soft- 
ware control as previously explained. The 
CLEAR FIFO operation can also be performed 
under hardware control by defining the 
CLEAR pin of Port 2 as an input (Control 
Register 3, bit 7 = 1). 

For cascading purposes, the CLEAR pin can 
also be defined as an output (Control Register 
3, bit 7 = 0), which reflects the current state 
of the CLEAR FIFO bit. It can then empty 
other FIOs or initialize other devices in the 
system. 


Data Direction Control. In CPU-to-I/O mode, 
the direction of data transfer can be controlled 
by the CPU side (Port 1) under software con- 
trol as previously explained. The data direc- 
tion can also be determined by hardware con- 
trol by defining the Data Direction pin 

of Port 2 as an input (Control Register 3, 

bit S = 1), 

For cascading purposes, the Data Direction 
pin can also be defined as an output (Control 
Register 3, bit 5 = 0) pin which reflects the 
current state of the Data Direction bit. It can 
then be used to control the direction of data 
transfer for other FIOs or for external logic. 

On the Port 2 side, when data direction is 0, 
Port 2 is in Output Handshake mode. When 
data direction is 1, Port 2 is in Input Hand- 
shake mode. 


CPU to I/O 
Operation 
(Continued) 


DATA IN VALID DATA Cc VALID DATA 


Figure 21. Interlocked Handshake Timing (Input) Port 2 Side Only 


DATA OUT VALID DATA ae VALID DATA 


Figure 22. Interlocked Handshake Timing (Output) Port 2 Side Only 


DATA IN VALID DATA 2 VALID DATA 


Figure 23. Input (Acceptor) Timing IEEE-488 HS Port: Port 2 Side Only 


DATA OUT VALID DATA Ee. s VALID DATA 


Figure 24. Output (Source) Timing IEEE-488 HS Port: Port 2 Side Only 
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Programming 
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The programming of the FIO is greatly 
simplified by the efficient grouping of the 
various operation modes in the control 
registers. Since all of the control registers are 
read/write, the need for maintaining their 
image in system memory is eliminated. Also, 
the read/write feature of the registers aids in 
system debugging. 

Each side of the FIO has 16 registers. All 16 
registers are used by the Port 1 side; Control 
register 2 is not used on the Port 2 side. All 
registers are addressable Oy through Fy. 

In the Z-BUS Low Byte mode, the FIO allows 
two methods for register addressing under con- 
trol of the Right Justify Address (RJA) bit in 
Control register 0. When RJA = 0, address 
bus bits 1-4 are used for register addressing 
and bits 1, 5, 6, and 7 are ignored (Table 4). 
When RJA = 1, bits 0-3 are used for the 
register addresses, and bits 4-7 are ignored. 


Control Registers. These four registers specify 
FIO operation. The Port 2 side control 


Non Z-BUS Dy7-Dg D3 
Z-BUS High Bg 
Z-BUS Low { a a a 
Description 
Control Register 0 x 0 
Control Register 1 x 0 
Interrupt Status Register 0 x 0 
Interrupt Status Register 1 x 0 
Interrupt Status Register 2 x 0 
Interrupt Status Register 3 x 0 
Interrupt Vector Register x 0 
Byte Count Register x 0 
Byte Count Comparison 
Register x l 
Control Register 2* x l 
Control Register 3 x ] 
Message Out Register x l 
Message In Register x ] 
Pattern Match Register x l 
Pattern Mask Register x ] 
Data Buffer Register x ] 


x= Don’t Care 
“Register 1s only on Port 1 side 


registers operate only if the Port 2 device is a 
CPU. The Port 2 CPU can control interface 
operations, including data direction, only 
when enabled by the setting of bit 0 in the Port 
1 side of Control Register 2. A 1 in bit 1 of the 
same register enables the handshake logic. 


Interrupt Status Registers. These four 
registers control and monitor the priority 
interrupt functions for the FIO. 


Interrupt Vector Register. This register stores 
the interrupt service routine address. This vec- 
tor is placed on Do-D7 when IUS is set by the 
Interrupt Acknowledge signal from the CPU. 
When bit 4 (Vector Includes Status) is set in 
Control Register 0, the reason for the interrupt 
is encoded within the vector address in bits 1, 
2, and 3. If bit 5 is set in Control register 0, no 
vector is output by the FIO during an Interrupt 
Acknowledge cycle. However, IUS is set as 
usual. 


Dy D) Do 
Ag Aj Ag 
AD3 AD2 AD) ADo 
AD», AD) ADo 
0 0 0 x 
0 0 ] x 
0 l 0 x 
0 ] ] x 
] 0 0 x 
] 0 ] x 
l ] 0 x 
] ] ] x 
0 0 0 x 
0 0 l x 
0 l 0 x 
0 ] l x 
l 0 0 x 
l 0 ] x 
1 ] 0 x 
] ] l x 


Table 4. FIO Register Address Summary 


Programming Byte Count Compare Register. This register 


contains a value compared with the byte count 
in the Byte Count register. If the Byte Count 
Compare interrupt is enabled, an interrupt will 
occur upon compare. 


Message Out Register. Either CPU can place 
a message in its Message Out register. If the 
opposite side Message register interrupt is 
enabled, the receiving side CPU will receive 
an interrupt request, advising that a message 
is present in its Message In register. Bit 5 in 
Control Register 1 on the initiating side is set 
when a message is written. It is cleared when 
the message is read by the receiving CPU. 


Message In Register. This register receives a 
message placed in the Message Out register by 
the opposite side CPU. 


Pattern Match Register. This register contains 
a bit pattern matched against the byte in the 


2-BUS 


MASTER 


® 


NOTES: 

1. Data from master CPU — Z-FIO Port 2. 
2. Z-FIO Port 1 --DCP. 

3. DCP —RAM. 

4. RAM —Z-SCC. 

5. Z-SCC — data comm. line loop. 


Data Buffer register. When these patterns 
match, a Pattern Match interrupt will be 
generated, if previously enabled. 


Pattern Mask Register. The Pattern Mask 

register may be programmed with a bit pattern 
mask that limits comparable bits in the Pattern 
Match register to non-masked bits (1 = mask). 


Data Buffer Register. This register contains 
the data to be read from or written to the 


FIFO buffer. 


Byte Count Register. This is a read-only 
register, containing the byte count for the 
FIFO buffer. The byte count is derived by sub- 
tracting the number of bytes read from the buf- 
fer from the number of bytes written into the 
buffer. The count is “frozen” for an accurate 
reading by setting bit 6 (Freeze Status register) 
in Control Register 1. This bit is cleared when 
the Byte Count register read is completed. 


2-BUS 


CIPHER 
KEY 


ai 


MANUAL 
CONTROL 


Figure 25. Typical Application: Node Controller 
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Control Register 0 
Address: 0000 
(Read/Write) 


[e:[e.[>s[o.]os[o.[>,[oo] 


Registers 


= 


4 (Bo)* 


1 


Se Se 


*READ ONLY FROM 
PORT 2 SIDE 


Control Register 1 
Address: 0001 
(Read/Write) 


[Br] Bs [Bs [De [Ds | De [Da | Do 


= 


Se ee ee See 


RESET 

RT JUST ADDRESS (RJA) 

0 =2ZBUS CPU 

| Zhonzeus cou } PROGRAMS 
0 = 3 WIRE HS 1/0 


1 INTERLOCKED HS 
= VECTOR INCLUDES STATUS (VIS) 
= NO VECTOR ON INTERRUPT (NV) 
= DISABLE LOWER DAISY CHAIN (DLC) 
= INTERRUPTS ENABLED (MIE) 


REQUEST/WAIT ENABLED 


WAIT 
REQUEST 


START DMA ON BYTE COUNT 

STOP DMA ON PATTERN MATCH 

MESSAGE MAILBOX REGISTER UNDER SERVICE* 
MESSAGE MAILBOX REGISTER FULL* 

FREEZE STATUS REGISTER COUNT 


Control Register 2* 
Address: 1001 
(Read/Write) 


[Pr |e | Ds ] Ds] Da [ Ds [Dy | Do | 


| ie 1=PORT 2 SIDE ENABLED 
1= PORT 2 SIDE ENABLE HANDSHAKE 
BITS 2-7 NOT USED 
MUST BE PROGRAMMED 0 


*THIS REGISTER READS ALL 
0°S FROM PORT 2 SIDE 


Control Register 3 
Address: 1010 
(Read/Write) 


[e-[s [os [>.[0s[o.[o, [bo] 


|b vom 2 SIDE-INPUT LINE* (PIN 33)** 
Bae 2 SIDE~OUTPUT LINE (PIN 32)** 

NOT USED (MUST BE PROGRAMMED 0) 

PORT 2 SIDE-OUTPUT LINE (PIN 30)** 

DATA DIRECTION BIT 

1=INPUT TO CPU 

0= OUTPUT FROM CPU 

0=PORT 1 SIDE CONTROLS DATA DIRECTION 
1= PORT 2 SIDE CONTROLS 

0=CLEAR FIFO BUFFER 


0=PORT 1 SIDE CONTROLS CLEAR 
1=PORT 2 SIDE CONTROLS 


1 
[E NOT USED (MUST BE PROGRAMMED 0) 


*READ-ONLY BITS 


“READ-ONLY BITS 
**ONLY WHEN PORT 2 IS AN I/O PORT 


Figure 26. Control Registers 


Interrupt Status Register 0 
Address: 0010 
(Read/Write) 


[D7 [Bs] Bs |e | Ds | Da [Ds | Do, 
(is NOT USED 


(MUST BE PROGRAMMED 0) 

MESSAGE INTERRUPT PENDING (IP) 
MESSAGE INTERRUPT ENABLE (IE) 
MESSAGE INTERRUPT UNDER SERVICE (IUS) 


IUS, IE, AND IP ARE WRITTEN USING 
THE FOLLOWING COMMAND: 


(11111 | CLEAR IE 


Figure 27. Interrupt Status Registers 
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Registers Interrupt Status Register 1 


(Continued) Address: 0011 
(Read/Write) 
[o,[.[9s[0. [05/02], [00] 
DATA DIRECTION CHANGE INTERRUPT i 1 = PATTERN MATCH FLAG* 
UNDER SERVICE (IUS) [L PATTERN MATCH INTERRUPT PENDING (IP) 
DATA DIRECTION rages si saa PATTERN MATCH INTERRUPT ENABLED (IE) 
i 
4 PATTERN MATCH INTERRUPT 
DATA DIRECTION CHANGE INTERRUPT 
ENING IE UNDER SERVICE (iUS) 


NOT USED 
(MUST BE PROGRAMMED 0) 


1US, JE, AND IP ARE WRITTEN USING 
THE FOLLOWING COMMAND: 


po fo] 0 | NULL CODE 
CLEAR IP & IUS 
SET 1US 


1US, IE, AND IP ARE WRITTEN USING 
THE FOLLOWING COMMAND 


NULL CODE po fo fo | 


*READ ONLY BITS 


Interrupt Status Register 2 
Address: 0100 
(Read/Write) 


[2,[e.[o,[e.[os]o,[0, [00] 


BYTE COUNT COMPARE INTERRUPT iL LC UNDERFLOW ERROR* 
UNDER SERVICE (JUS) ERROR INTERRUPT PENDING (ID) 
ee ge cent ! ERROR INTERRUPT ENABLED (!E) 
q ' ERROR INTERRUPT UNDER SERVICE (1US) 


BYTE COUNT COMPARE INTERRUPT 
OVERFLOW ERROR* 


PENDING (IP) 
US, IE, AND IP ARE WRITTEN USING IUS, IE, AND IP ARE WRITTEN USING 
THE FOLLOWING COMMAND; 


THE FOLLOWING COMMAND: 
/0 | 0 {| 0 | NULL CODE 


NULL CODE | 0] 0 [0 | 
CLEAR IP & 1US oor Be CLEAR IP & 1US 


*READ-ONLY BITS 


Interrupt Status Register 3 
Address: 0101 
(Read/Write) 


cack awe 


FULL INTERRUPT UNDER SERVICE (IUS) J - | & BUFFER EMPTY* 
FULL INTERRUPT ENABLE (IE) ' EMPTY INTERRUPT PENDING (IP) 
FULL INTERRUPT PENDING (IP) EMPTY INTERRUPT ENABLE (IE) 
' i) 


1US, ‘IE, AND IP ARE WRITTEN USING EMPTY INTERRUPT UNDER SERVICE (1US) 
THE FOLLOWING COMMAND: BUFFER FULL* 


NULL CODE | 0 | 0 | 0 | US, IE, AND IP ARE WRITTEN USING 
CLEAR IP & IUS fo jo] 4] JHE FOLLOWING COMMAND: 


10] 0 | 0 | NULL CODE 
}0 {0 | 1 | CLEAR IP & JUS 


CLEAR IE Pecial 


*READ-ONLY BITS 


Figure 27. Interrupt Status Registers (Continued) 


2020-024 | 207 


O1i-Z SE08Z 


Registers Byte Count Register 
(Continued) Address: 0111 
(Read Only) 


REFLECTS NUMBER OF BYTES IN BUFFER 


Figure 28. Byte Count Register 


Interrupt Vector Register 
Address: 0110 
(Read/Write) 


can 


NO INTERRUPTS PENDING | 0 | 0 | 0 | 


BUFFER EMPTY | 0 | 0 | 1| 

BUFFER FULL | 0 | 1 | 0 | 
OVER/UNDERFLOW ERROR | 0 | 1 | 1 | 
BYTE COUNT MATCH | 1| 0 | 0 | 
PATTERN MATCH | 1 | 0 | 1 | 


DATA DIRECTION CHANGE 14144 0] 


MAILBOX MESSAGE | 1 | 1 | 1 | 


Figure 29. Interrupt Vector Register 


Pattern Match Register 
Address: 1101 
(Read/Write) 


se CF oe a 


STORES BYTE COMPARED WITH 
BYTE IN DATA BUFFER REGISTER 


Figure 30. Pattern Match Register 


Pattern Mask Register 
Address: 1110 
(Read/Write) 


De Ot Ee 


iF SET, BITS 0-7 MASK BITS 0-7 
IN PATTERN MATCH REGISTER. 
MATCH OCCURS WHEN ALL 
NON-MASKED BITS AGREE. 


Figure 31. Pattern Mask Register 


Data Buffer Register 
Address: 1111 
(Read/Write) 


{ CACC 
on ee eee 


CONTAINS THE BYTE TRANSFERRED 
TO OR FROM FIFO BUFFER RAM 


Figure 32. Data Buffer Register 


Message Out Register 
Address: 1011 
(Read/Write) 


a BE ee UPI is Oe 


STORES MESSAGE SENT TO MESSAGE 
IN REGISTER ON OPPOSITE PORT OF FIO 


Figure 34. Message Out Register 


Byte Count Comparison Register 
Address: 1000 
(Read/Write) 


es Ks eC WE 


CONTAINS VALUE COMPARED TO BYTE COUNT 
REGISTER TO ISSUE INTERRUPTS ON MATCH 
(BIT 7 ALWAYS 0.) 


Figure 33. Byte Count Comparison Register 


Message In Register 
Address: 1100 
(Read Only) 


I Ea REE 


STORES MESSAGE RECEIVED FROM MESSAGE 
OUT REGISTER ON OPPOSITE PORT OF CPU 


Figure 35. Message In Register 
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Absolute Voltages on all inputs and outputs Stresses greater than those listed under Absolute Max- 
Maximum with respect toGND.......... -0.3Vto+7.0V ——- mum Ratings may cause permanent damage to the device. 
Ratinas This 1s a stress rating only; operation of the device at any 
annd Operating Ambient condition above those indicated 1n the operational! sections 
Temperature ............0000. OSEte: 4 70C€ of these specifications 1s not implied. Exposure to absolute 
t ondit for extended periods may affect 
Storage Temperature........ -65°C to +150°C pee tolebie ice ce i 
Standard The characteristics below apply for the @+4.75V <s Voc S +5.25 V 
Test following standard test conditions, unless mw GND =O0OV 
Conditions otherwise noted. All voltages are referenced to a Te aorshecihed tn Osdeteaiomahon 
GND. Positive current flows into the refer- A P 7 
enced pin. Standard conditions are as follows: 
+5V +5V 
22K 
2.2K 
FROM OUTPUT 
UNDER TEST 
FROM OUTPUT 
UNDER TEST 
50 ‘T x sigs 
Standard Test Load Open-Drain Test Load 
DC Symbol Parameter Min Max Unit Condition 
Charac- 
teristics Vin Input High Voltage 2.0 Veco +0.3 V 
Vin Input Low Voltage -0.3 0.8 V 
Vou Output High Voltage 2.4 V lop = — 250 pA 
VoL Output Low Voltage 0.4 V lop = +2.0 mA 
0.5 V Io, = +3.2 mA 
Ip Input Leakage +10.0 pA 0.4 < Vy s +2.4V 
lor Output Leakage + 10.0 pA 0.4 <= Voyr = +2.4V 
Iu Mode Pins Input Leakage -100 + 10.0 pA 0<Vin<Vec 
(Pins 19 and 21) 
loc Voc Supply Current 200 mA 
Voc = 5 V + 5% unless otherwise specified, over specified temperature range. 
Capacitance Symbol Parameter Min Max Unit Test Condition 
Cw Input Capacitance 10 pF 
Cour Output Capacitance 15 pF ae ed s ins 4 
t t 
Cyo Bidirectional Capacitance 20 pF ae a cae 
Inputs tr Any Input Rise Time 100 ns 
tf Any Input Fall Time 100 ns 


f = | MHz, over specified temperature range. 
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AC Characteristics 


No. Symbol Parameter 
l TwAS AS Low Width 
2  TsA(AS) Address to AS t Setup Time 
3 ThA(AS) Address to AS t Hold Time 
4  TsCSO(AS) CS to AS t Setup Time 


5 — ThCSO(AS) —— CS to AS t Hold Time 
6  TdAS(DS) AS t to DS t Delay 
7  TsA(DS) Address to DS | (with AS t to DS | = 60 ns) 
8  TsRWR(DS) R/W (Read) to DS | Setup Time 
9 TsRWW(DS) R/W (Write) to DS | Setup Time 
10 —- TwDS DS Low Width 
ll TsDW(DSf) Write Data to DS | Setup Time 
12 TdDS(DRV) DS (Read) | to Address Data Bus Driven 
13. TdDSf(DR) DS | to Read Data Valid Delay 
14. ThDW(DS) Write Data to DS t Hold Time 
15 — TdDSr(DR) ——— DS t to Read Data Not Valid Delay 
16 TdDS(DRz) DS t to Read Data Float Delay 
17. ThRW(DS) R/W to DS t Hold Time 
18 TdDS(AS) DS t to AS | Delay 


19 Tre Valid Access Recovery Time 
NOTES 
1. Parameter does not apply to Interrupt Acknowledge trans- 
actions. 


2 Float delay 1s measured to the time when the output has 
changed 0.5 V from steady state with minimum as load and 
load and maximum dc load. 


4 MHz 6 MHz 
Min Max Min Max Notes*f 
70 50 1 
30 10 l 
50 30 ] 
0 0 1 
60 40 l_— 
60 40 l 
120 100 
100 80 
0 0 
390 250 
30 20 
0 0 
250 180 
30 20 
0 0 
70 45 2 
55 40 
50 20 
1000 650 3 


3. This is the delay from DS of one CIO access to DS of another 
FIO access (either read or write). 
* All timing references assume 2.0 V for a logic “1” and 0.8 V for 
a logic “O’’ All timings are preliminary and subject to change. 
tT Units in nanoseconds (ns) 


}  eO> Dee red 
5s HO 
rol Oat 
(2) @ 


FIO 
soso) [nme I 


re al a} 
® +O-| 


(6) 


Figure 36. Z-BUS CPU Interface Timing 
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AC Characteristics 


4MHz 6 MHz 
No. Symbol Parameter Min Max Min Max Notes*f 
20 # TsIA(AS) INTACK to AS t Setup Time 0 0 
2l ThIA(AS) INTACK to AS t Hold Time 250 250 
22  TsDSA(DR) DS (Acknowledge) ! to Read Data Valid Delay 250 180 
23. TwDSA DS (Acknowledge) Low Width 390 250 
24—— TdAS(IEO) ——- AS t to IEO | Delay (INTACK Cycle) ——————-——__ 350 250 —_—_ 4 
25 TdlEI(IEO) IEI to IEO Delay 150 100 4 
26  TsIEI(DSA) IEI to DS (Acknowledge) | Setup Time 100 70 
27 ~=ThIEI(DSA) IEI to DS (Acknowledge) t Hold Time 50 30 4 
28 TdDS(INT) DS (INTACK Cycle) to INT Delay 900 800 
29. TdDCST Interrupt Daisy Chain Settle Time 4 
NOTES 
4 The parameters for the devices in any particular daisy chain and TdIEI(IEO) for each peripheral, separating them 1n the 

must meet the following constraint The delay from AS to DS chain. 

must be greater than the sum of TdAS(IEO) for the highest * Timings are preliminary and subject to change 

priority peripheral, TsIEI(DSA) for the lowest priority peripheral t Units in nanoseconds (ns) 

(22) 
INTACK 
(20) (21) 
AS 


" i} 


oC Ce 


Figure 37. Z-BUS CPU Interrupt Acknowledge Timing 
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AC Characteristics 


4 MHz 6 MHz 
No. Symbol Parameter Min Max Min Max Notes*t 
30 TdMW(INT) Message Write to INT Delay ] ] 5 
31  TdDC(INT) Data Direction Change to INT Delay ] } 6 
32 TdPMW(INT) Pattern Match to INT Delay (Write Case) ] ] 
33 TdPMR(INT) Pattern Match (Read Case) to INT Delay ] ] 
34—— TdSC(INT) Status Compare to INT Delay ] ] o> 
35  TdER(INT) Error to INT Delay ] l 
36 TdEM(INT) Empty to INT Delay ] ] 6 
37. TdFL(INT) Full to INT Delay ] l 6 
38  TdAS(INT) AS to INT Delay 
NOTES: 
5. Write is from the other side of FIO. * Timings are preliminary and subject to change. 
6. Write can be from either side, depending on programming t Units equal to AS Cycles + ns. 
of FIO. 
are MESSAGE yo 
REGISTER 
= ® 
DATA WRITE bs 
DIRECTION CONTROL 
CHANGE REGISTER 3 
wrepes @ 
REGISTER 
PATTERN 
MATCH = 
READ DATA ds 3) 
BUFFER 
REGISTER 
3 9 
STATUS WRITE OR READ DS‘ 
COMPARE DATA BUFFER 
REGISTER 
ae —_—__—_()-——_—__—__> 
ERROR WRITE OR READ DS 
DATA BUFFER 
REGISTER 
a (36) 
BUFFER 
REGISTER 
BUFFER 
REGISTER 
AS 
(38) 
INT 


Figure 38. Z-BUS Interrupt Timing 
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AC Characteristics 


4 MHz 6 MHz 
No. Symbol Parameter Min Max Min Max Notes*f 
l TdDS(WAIT) AS t to WAIT | Delay 190 160 
2 TdDSI(WAIT) DSI 1 DSI t to WAIT t \IT | Delay 1000 1000 
3. TdACK(WAIT) ACKIN | to WAIT t Delay 1000 1000 ] 
4 —TdDS(REQ) —— DS | to REQ t Delay ——_—_———— 350 —————————- 300 
5 TdDMA(REQ) DMASTB | to REO t Delay 350 300 
6  TdDS1(REQ) DS1 tf to REQ | Delay 1000 1000 
7 TdACK(REQ) ACKIN ! to REO } Delay 1000 1000 
8 -—— TdSU(DMA) Data Setup Time to DMASTB —————-_—- 200 ———-——- 150 
9 TdH(DMA) Data Hold Time to DMASTB 30 20 
10 TdDMA(DR) DMASTB !} to Valid Data 150 100 
1] TdDMA(DRH) DMASTB ¢ to Data Not Valid @) 0 
12.  TdDMA(DR2) DMASTB | to Data Bus Float 70 45 
NOTES __ 
1 The delay is from DAV for 3-Wire Input Handshake. The delay * Timings are preliminary and subject to change. 
is from DAC for 3-Wire Handshake. t Units in nanoseconds (ns) 
AS 
DATA 
READ/WRITE BUFFER 
BY OTHER SIDE REGISTER 
Dsi DATA 1) 
WRITE/READ BUFFER 
BY OTHER SIDE REGISTER 
Waly a 
ACKIN OUTPUT 
PORT a 
DMASTB W) <—(§)—> 
® met g 
REQ IN/OUT 


<)> (12) 
DATA DATA 
FIO REGISTER 
>| |<) 


DMASTB 
WRITE DATA 
FIO REGISTER 


Figure 39. Z-BUS Request/Wait Timing 


AC Characteristics 


4 MHz 6 MHz 

No. Symbol Parameter Min Max Min Max Notes*t 

l TdDSQO(AS) Delay from DS t to AS | for No Reset 40 20 

2 TdASQ(DS) Delay for AS t to DS | for No Reset 50 30 

3. Tw(AS + DS) Minimum Width of AS and DS Both Low for Reset. 500 350 ] 
NOTES: 
1 Internal circuitry_allows for the reset provided by the Z8 (DS * Timings are preliminary ae subject to change. 

held Low while AS pulses) to be sufficient t Units in nanoseconds (ns) 


Ss ES 


Figure 40. Z-BUS Reset Timing 
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AC Characteristics 


4 MHz 6 MHz 
No. Symbol Parameter Min Max Min Max Notes*f 
1  TsA(RD) Address Setup to RD | 80 80 l 
2  TsA(WR) Address Setup to WR | 80 80 
3 ThA(RD) Address Hold Time to RD 1 0 0 l 
4 — ThA(WR) Address Hold Time to WR t 0 0 
5  TsCEIRD) CE Low Setup Time to RD 0 0 l 
6  TsCEI(WR) CE Low Setup Time to WR 0 0 
7 ThCEI(RD) CE Low Hold Time to RD 0 0 ] 
8 — ThCEI(WR) ——— CE Low Hold Time to WR 0 0 
9  TsCEh(RD) CE High Setup Time to RD 100 70 l 
10 TsCEh(WR) CE High Setup Time to WR 100 70 
11 TwRD1 RD Low Width 390 250 
12 — TdRD(DRA) —— RD } to Read Data Active Delay ———------_- 0 --_- 0 
13. TdRD£DR) RD | to Valid Data Delay 250 180 
14. TdRDr(DR) RD t to Read Data Not Valid Delay 0 0 
15 TdRD(DRz) RD t to Data Bus Float 70 45 2 
16 —TwWRl ———— WR Low Width ———____- 390 -———— 250 
17. TsDW(WR) Data Setup Time to WR 0 0 
18 ThDW(WR) Data Hold Time to WR 30 20 
19 Tre Valid Access Recovery Time 1000 650 3 
NOTES = _ - 
1 Parameter does not apply to Interrupt Acknowledge trans- 3 This_is the delay from RD 1 to WR f of one FIO access to RD | 
actions or WR } of another FIO access 
2 Float delay 1s measured to the time the output has changed “ Timings are preliminary and subject to change 
oe from steady state with minimum ac load and maximum dc t Units in nanoseconds (ns) 


pase 
3 4 
RD (11) 


® (3) 
os © (18) 
ra = os 
(2) (12) G) 
me (8) Pees 
(18) 


os _> 
Do-Dr 
FIO WRITE ( DATA VALID » 


Figure 41. Non-Z-BUS CPU Interface Timing 


Figure 42. Non-Z-BUS Interface Timimg 
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AC Characteristics 


4 MHz 6 MHz 
No. Symbol Parameter Min Max Min Max Notest* 
20 TdlEI(IEO) IEI to IEO Delay 150 100 4 
Z| TdI(IEO) INTACK | to IEO } Delay 350 250 4 
22 TsIEI(RDA) IEI Setup Time to RD (Acknowledge) 100 70 4 
23 TdRD(DR) RD ! to Vector Valid Delay 250 180 
24——TwRD1 (IA) Read Low Width (Interrupt Acknowledge) ———-———390 —_—--__-—— 250 
25. ThIA(RD) INTACK t to RD t Hold Time 30 20 
26 ThIEI(RD) IEI Hold Time to RD 1 20 10 
27 TdRD(INT) RD t to INT t Delay 900 800 
28 TdDCST Interrupt Daisy Chain Settle Time 350 250 4 
NOTES 
4 The parameter for the devices in any particular daisy chain for the lowest priority peripheral, and TdIEI(IEO) for each 
must meet the following constraint The delay from peripheral separating them in the chain. 
INTACK | to RD | must be greater than the sum of t Units in nanoseconds (ns) 
TdINA(IEO) for the highest priority peripheral, TsIEI(RD) * Timings are preliminary and subject to change 


INTACK 


RD 
<+—_(\_> 


— @ 
mamas acme 
Do-D7 G3) bal oe ie 


«XK _| 
(20) (2!) 


1EO ( 


ae : -———— 
INT 


Figure 43. Non-Z-BUS Interrupt Acknowledge Timing 
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AC Characteristics 


4 MHz 6 MHz 

No, Symbol Parameter Min Max Min Max Notes*t 
29 TdMW(INT) Message Write to INT Delay 5,6 
30 TdDC(INT) Data Direction Change to INT Delay 51 
31 TdPMW(INT) Pattern Match (Write Case) to INT Delay 5 
32——TdPMR(INT) Pattern Match (Read Case) to INT Delay —— 5 — 
33. TdSC(INT) Status Compare to INT Delay 5,7 
34. TdER(INT) Error to INT Delay 5.7 
35 TdEM(INT) Empty to INT Delay 5,7 
36  TdFL(INT) Full to INT Delay 5] 
37. TdSO(INT) State 0 to INT Delay 

NOTES: 

5. Delay number 1s valid for State 0 only. * Timings are preliminary and subject to change. 

6. Write 1s from other side of FIO t Units in nanoseconds (ns). 


7. Write can be from either side, depending on programming of 


FIO 
MESSAGE WRITE wris 
WRITE MESSAGE 


REGISTER 
OUT (30) 


DATA WRITE wre 
DIRECTION CONTROL 
CHANGE REGISTER 3 


WRITE DATA wr‘ 


BUFFER 
REGISTER ; G2) > 
PATTERN 
MATCH aa 
READ DATA RD‘ 
BUFFER 
REGISTER 
(3) 


STATUS WRITE OR READ WR‘46 OR RD46 
COMPARE DATA BUFFER 


REGISTER Gi) 
ERROR WRITE OR READ WR‘ OR AD \ 
DATA BUFFER 


REGISTER ® 
EMPTY READ DATA RO+6 

BUFFER 

REGISTER a 


FULL WRITE DATA Wr ‘4s 
BUFFER 


REGISTER @ 


$T41-STo WR‘ - RD‘ 


Figure 44. Z-FIO Non-Z-BUS Interrupt Timing 
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AC Characteristics 


No. Symbol Parameter 


1  TdRD(WT) CE | to WAIT Active 


2  TdRD1(WT) RD1 t or WRI t to WAIT Inactive 
3. TdACK(WT) ACKIN } to WAIT Inactive 


4—TdRD(REQ)——— RD } or WR } to REQ Inactive 
5  TdRDI1(REQ) RD1 t or WRI t to REO Active 


6 TdACK(REQ)  ACKIN }| to REO Active 
7  TdDAC(RD) DACK |} to RD ! or WR} 


8—TSU(WR) Data Setup Time to WR 
9  Th(WR) Data Hold Time to WR 
10 TdDMA RD | to Valid Data 


11 TdDMA(DRH) RD t to Data Not Valid 
12  TdDMA(DRZ) RD t to Data Bus Float 


NOTES. = 

1. The delay is from DAV } for 3-Wire Input Handshake. The 
delay is from DAC | for 3-Wire Input Handshake. 

2 Only when DACK 1s active. 


CE 


RD/WR 
READ/WRITE OF DATA 
BUFFER REGISTER 


aIRD+ 

WRITE/JREAD OF DATA 
BUFFER REGISTER 
BY OTHER SIDE 


N 
INPUTIOUTPUT PORT 


REQ 


DATA FROM FIO —_ 


DACK 


FIO WRITE TO DATA { 
BUFFER REGISTER 


—__—(.)—____» 
i @ 
a — Lomi 
a (3) 
ACK! 
on 
(10) 


4 MHz 6 MHz 
Min Max Min Max Notes*t 
200 170 
1000 1000 
1000 1000 l 
350 —— 300 
1000 1000 
1000 1000 
100 80 
200 
30 20 
150 100 2 
0 0 2 
70 45 2 


* Timings are preliminary and subject to change. 
Tt Units in nanoseconds (ns) 


2 
a. 


Figure 45. Non-Z-BUS Request/Wait Timing 
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AC Characteristics 


4MHz 6 MHz 
No. Symbol Parameter Min Max Min Max Notes*f 
1 TdWR(RD) Delay from WR t to RD | 100 70 
2  TdRD(WR) Delay from RD t to WR } 100 70 
3 TwRD + WR Width of RD and WR, both Low for Reset 500 350 


NOTES: 
* Timings are preliminary and subject to change. 
t Umits in nanoseconds (ns). 


AC Characteristics 


4 MHz 6 MHz 
No. Symbol Parameter Min Max Min Max Notes*t 
1 TwCLR Width of Clear to Reset FIFO 700 700 
2  TdOE(DO) OE | to Data Bus Driven 0 0 
3  TdOE(DRZ) OE t to Data Bus Float 
NOTES: 


* Timings are preliminary and subject to change. 
t Units in nanoseconds (ns). 


OE 
<_(2)— > 


Figure 47. Port 2 Side Yperation 
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AC Characteristics 


4 MHz 6 MHz 
No. Symbol Parameter Min Max Min Max Notes*f 
l TsDI(ACK) Data Input to ACKIN | to Setup Time 50 50 
2  TdACK{(RFD) ACKIN | to RFD | Delay 0 500 0 500 
3  TdRFDr(ACK) RFD t to ACKIN | Delay 0 0 
4——TsDO(DAV) Data Out to DAV } Setup Time ——— 25 ——25 
5  TdDAVi(ACK) DAV! to ACKIN } Delay 0 0 
6  ThDO(ACK) Data Out to ACKIN Hold Time 50 50 
7  TdACK(DAV) ACKIN | to DAVt Delay 0 500 0 500 
8——ThDI(RFD) Data Input to RFD | Hold Time———____"_ 0 —--0 
9 TdRFD&ACK) RFD ! to ACKIN t Delay 0 0 
10 TdACKr(RFD) ACKIN t (DAV 1?) to RFD t Delay—Interlocked and 
3-Wire Handshake 0 400 0 400 
ll TdDAVr(ACK) DAV t to ACKIN t (RFD 1) 0 0 
12——TdACKr(DAV)—ACKIN t to DAV |} -——___________—_ 0-—- 8300 ——0 —— 800 
13. TdACKf(Empty) ACKIN ! to Empty 0 0 
14 TdACKf(Full) ACKIN | to Full 0 0 
IS _ “TéeRCK ACKIN Cycle Time ee: 1.0 
NOTES 


* Timings are preliminary and subject to change 
t Units in nanoseconds (ns) 


DATA VALID DATA ) 


<i> 


DAV 
EMPTY 
FULL 


Figure 48. 2-Wire Handshake (Port 2 Side Only) Output 


ACKIN 


Figure 49. 2-Wire Handshake (Port 2 Side Only) Input 
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AC Characteristics 


No. Symbol Parameter Min 


] TsDI(DAV) Data Input to DAV | Setup Time 50 
2 TdDAVIK(RFD) DAV! to RFD | Delay 0 
3. TdDAVKDAC) DAV} to DAC t Delay 0 
4——ThDI(DAC) Data In to DAC t Hold Time 0 
5  TdDACIr(DAV) DAC t to DAVt Delay 0 
0 
0 
0 


6  TdDAVIr(DAC) DAVt to DAC } Delay 
7  TdDAVIr(RFD) DAVt to RFD t Delay 
8——TdRFDI(DAV)——RFD | to DAV } Delay 
9  TsDO(DAC) Data Out to DAV } 


10 TdDAVOfRFD) DAV! to RFD } Delay 0 
11 TdDAVOfDAC) DAV} to DAC t Delay 0 
12——ThDO(DAC) Data Out to DAC t Hold Time 

13 TdDACOr(DAV) DAC t to DAV t Delay 

14 TdDAVOr(DAC) DAV t to DAC | Delay 0 
15  TdDAVOr(RFD) DAV t to RFD t Delay 0 
16 TdRFDO(DAV) RFD t to DAV} Delay 0 


NOTES: 
* Timings are preliminary and subject to change. 
+ Units in nanoseconds (ns) 
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<+O> © 


PIN\ DAV o> 
( 38 ) INPUT 
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PIN\ RFD ‘——> 
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an DAC & 
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Figure 50. 3-Wire Handshake Input 
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Figure 51. 3-Wire Handshake Output 
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Min Max 
50 
) 500 
0 500 
0 
0 
0 500 
0 500 
0 
0 
0 
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0 
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0 800 
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Ordering 
Information 


Product Package/ Product Package/ 

Number Temp Speed Description Number Temp Speed Description 
Z8038 CE 4.0 MHz Z-FIO (40-pin) Z8038A CM 6.0 MHz Z-FIO (40-pin) 
28038 CM 4.0 MHz Same as above Z8038A CMB 6.0 MHz Same as above 
Z8038 CMB 4.0 MHz Same as above Z8038A CS 6.0 MHz Same as above 
Z8038 Cs 4.0 MHz Same as above Z8038A DE 6.0 MHz Same as above 
Z8038 DE 4.0 MHz Same as above Z8038A DS 6.0 MHz Same as above 
Z8038 DS 4.0 MHz Same as above Z8038A PE 6.0 MHz Same as above 
Z8038 PE 4.0 MHz Same as above Z8038A PS 6.0 MHz Same as above 
Z8038 PS 4.0 MHz Same as above 


with Class B processing, S = 0°C to +70°C 
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Z8060 
Z8000'FIFO Buffer Unit 
and Z-FIO Expander 


Y, Product 


- a ae a 
Zilog Specification 
June 1982 
Features @ Bidirectional, asynchronous data transfer m 3-state data outputs 
capability ™@ Connects any number of FIFOs in series to 
@ Large 128-bit-by-8-bit buffer memory form buffer of any desired length 
@ Two-wire, interlocked handshake protocol m Connects any number of FIFOs in parallel 


@ Wire-ORing of empty and full outputs for to form butter of any desired width 


sensing of multiple-unit buffers 


General The Z8060 First-In First-Out (FIFO) Buffer desired length (in 128-byte increments). Any 
Description Unit consists of a 128-bit-by-8-bit memory, number of single- or multiple-unit FIFO serial 
bidirectional data transfer and handshake buffers can be connected in parallel to form 
logic. The structure of the FIFO unit is similar buffers of any desired width (in 8-bit 
to that of other available buffer units. FIFO is increments). 
a general-purpose unit; its handshake logic is The FIFO buffer units are available as 
compatible with that of other members of 28-pin packages. Figures 1 and 2 show the pin 
Zilog’s Z8 and Z8000 Families. functions and pin assignments, respectively, of 
FIFOs can be cascaded end-to-end without the FIFO device. A block diagram is shown in 
limit to form a parallel 8-bit buffer of any Figure 3. 
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GND 7 151] D7g 
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Figure 1. FIFO Pin Functions Figure 2. FIFO Pin Assignments 
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General 
Description 
(Continued) 


CONTROL 
AND 
STATUS 


CONTROL 
AND 
STATUS 


Figure 3. Functional Block Diagram 


Pin 
Descriptions 


ACKIN. Acknowledge Input (input, active 
Low). This line signals the FIFO that output 
data has been received by peripherals or that 
input data is valid. 


CLEAR. Clear Buffer (input, active Low). 
When set to Low, this line causes all data to be 
cleared from the FIFO buffer. 


Do-Dy. Data Bus (inputs/outputs, bidirec- 
tional). These bidirectional lines are used by 
the FIFO to receive and to transmit data. 


DIR A/B. Direction Input A/B (input, two con- 
trol states). A High on this line signals that 
input data is to be received at Port B. A Low 
on this line signals that input data is to be 
received at Port A. 


EMPTY. Buffer Status (output, active High, 
open-drain). A High on this line indicates that 
the FIFO buffer is empty. 


FULL. Buffer Status (output, active High, 
open-drain). A High on this line indicates that 
the FIFO buffer is full. 


OEA, OEB. Output Enable A, Output Enable 
B (inputs, active Low). When Low, OEA 
enables the bus drivers for Port A; when High, 
OEA causes the bus drivers to float to a high- 
impedance level. Input OEB controls the bus_ 
drivers for Port B in the same manner as OEA 
controls those for Port A. 


RFD/DAV. Ready-for-Data/Data Available 
(outputs RFD, active High; DAV active Low). 
RFD, when High, signals to the peripherals 
involved that the FIFO is ready to receive 
data. DAV, when Low, signals to the 
peripherals involved that FIFO has data 
available to send. 


Functional 
Description 


Interlocked 2-Wire Handshake. In inter- 
locked 2-wire handshake operation, the action 
of FIFO must be acknowledged by the other 
half of the handshake before the next action 
can occur. In an Output Handshake mode, the 
FIFO indicates that new data is available only 
after the external device has indicated that it is 
ready for the data. In an Input Handshake 
mode, the FIFO does not indicate that it is 
ready for new data until the data source indi- 


DATA IN 


cates that the previous byte of the data is no 
longer available, thereby acknowledging the 
acceptance of the last byte. This control 
feature allows the FIFO, with no external 
logic, to directly interface with the port of any 
CPU in the Z8 Family—a CIO, a UPC, an FIO, 
or another FIFO. The timing for the input and 
output handshake operations is shown in 
Figures 4 and 5, respectively. 


VALID DATA Co VALID DATA 


Figure 4. Two-Wire Interlocked Handshake Timing (input) 


DATA OUT 


VALID DATA VALID DATA 


Figure 5. Two-Wire Interlocked Handshake Timing (output) 
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Functional Resetting or Clearing the FIFO. The CLEAR 
Description input is used to initialize and clear the FIFO. 
(Continued) A Low level on this input clears all data from 


the FIFO, allows the EMPTY output to go High 
and forces both outputs RFD/DAVa, and 
RFD/DAVs High. A High level on CLEAR 
allows the data to transfer through the FIFO. 


Bidirectional Transfer Control. The FIFO has 
bidirectional data transfer capability under 
control of the DIR A/B input. When DIR A/B is 
set Low, Port A becomes input handshake and 
Port B becomes output handshake; data 
transfers are then made from Port A to Port B. 
Setting DIR A/B High reverses the handshake 
assignments and the direction of transfer. This 
bidirectional control is illustrated in Table 1. 


_ Port A Port B 
DIR A/B Handshake Handshake Transfer 
0 Input Output AtoB 
] Output Input BtoA 


Table 1. Bidirectional Control Function Table 


The FIFO buffer must be empty before the 
direction of transfer is changed; otherwise, the 
results of the change will be unpredictable. If 
FIFO status is unknown when a transfer direc- 


RFD/DAVgs 


RFDIDAVa ACKINg RFDIDAVa 
OEs OEa 
DIR A/B CLEAR 


tion change is to be made, the recommended 
procedure is: 


(1) Force and hold CLEAR Low. 


(2) Set DIR A/B to the level required for the 
desired direction. 


(3) Force CLEAR High. 


Empty and Full Operation. The EMPTY and 
FULL output lines can be wire-ORed with the 
EMPTY and FULL lines of other FIFOs and 
FIOs. This capability enables the user to 
determine the empty/full status of a buffer con- 
sisting of multiple FIFOs, FIOs, or a combina- 
tion of both. Table 2 shows the various states of 
EMPTY and FULL. 


Number of 
Bytes in FIFO EMPTY FULL x 
0 High Low & 
1-127 Low Low Pay 
128 Low High Pa 
° 


Table 2. Signals EMPTY and FULL Operation Table 


Interconnection Example. Figure 6 illustrates 
a simplified block diagram showing the man- 
ner in which FIFOs can be interconnected to 
extend a FIO buffer. 


SYSTEM FULL 
SYSTEM EMPTY 


ACKINa RFDIDAVg 
HANDSHAKE 
SIGNALS 
OUTPUT CONTROL 
SYSTEM CLEAR 


SYSTEM DIRECTION 


Figure 6. Typical Interconnection (Simplified Diagram) 
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Functional 
Description 
(Continued) 


Output Enable Operation. The FIFO provides 
a separate Output Enable (OE) signal for each 
port of the buffer. An OE output is valid only 
when its port is in the Output Handshake 
mode. The control of this output function is 
shown in Table 3. Signal OE operates with 
lines DIR A/B. A High on a valid OE line 
3-states its port’s data bus but does not affect 
the handshake operation. A Low level on a 
valid OE enables the data bus outputs if its 
port is in the Output Handshake mode. Note 
that the handshake operation is unaffected by 
the Output Enable pin. 


DIR A/B OE, OEs Function 


0 X 0 Disable Port A Output 
Enable Port B Output 
0 X l Disable Port A Output 
Disable Port B Output 
] 0 X Enable Port A Output 
Disable Port B Output 
l l X Disable Port A Output 


Disable Port B Output 


NOTE: X = Don't care. 


Table 3. Output Control Function Table 


Absolute 
Maximum 
Ratings 


Voltages on all inputs and outputs with respect 


POR ih 5 os tt st Gatti a -0.3 Vto +7.0 V 

Operating 

Ambient Temperature......... As specified in 
Ordering Information 

Storage Temperature......... -~65° to +150°C 


Stresses greater than those listed under Absolute Maximum 
Ratings may cause permanent damage to the device This isa 
stress rating only; operation of the device at any condition above 
those indicated 1n the operational sections of these specifications is 
not implied Exposure to absolute maximum rating conditions for 
extended periods may affect device reliability. 


Standard 
Test 
Conditions 


The characteristics below apply for the 
following standard test conditions, unless 
otherwise noted. All voltages are referenced to 
GND. Positive current flows into the refer- 
enced pin. Standard conditions are as follows: 


FROM OUTPUT 
UNDER TEST 


- py ~ 


Figure 7. Standard Test Load 


@+4.75V<Voos +5.25 V 
m@ GND =0V 


m@ Tx, as specified in Ordering Information. All 
ac parameters assume a load capacitance of 
50 pF max. 


2.2K 


FROM OUTPUT 
UNDER TEST 


50 pF 


[ 


Figure 8. Open-Drain Test Load 
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DC Symbol Parameter Min Max Unit Condition 
Character- 
istics Vin Input High Voltage 2.0 Veco +0.3 V 
Vin Input Low Voltage -0.3 0.8 V 
Vou Output High Voltage 2.4 V lou = -250 A 
VoL Output Low Voltage 0.4 V Io, = +2.0 mA 
0:5 V IoL = +3.2 mA 
hr. Input Leakage +10 pA 0.4< Vin s +2.4V 
Io. Output Leakage +10 pA 0.4 < Vout = +2.4V 
Ioc Voc Supply Current 200 mA 
NOTE. Vcc = +5 V +5% unless otherwise specified over specified temperature range 
Capacitance Symbol Parameter Min Max Unit Test Condition 
Cin Input Capacitance 10 pF Unmeasured pins 
Cout Output Capacitance 15 pF returned to ground 
Cryo Bidirectional Capacitance 20 pF 
Input 
tr Any input rise time 100 ns 
tf Any input fall time 100 ns 
NOTE: f = 1 MHz over specified temperature range 
Ordering Product Package/ Product Package/ 
Information Number Temp Speed Description Number Temp Speed Description 
Z8060 CE 4.0 MHz FIFO (28-pin) Z8060 DS 4.0 MHz FIFO (28-pin) 
Z8060 Co 4.0 MHz Same as above Z8060 PE 4.0 MHz Same as above 
Z8060 DE 4.0 MHz Same as above Z8060 PS 4.0 MHz Same as above 


NOTES. C = Ceramic, D = Cerdip, P = Plastic, E = -40°C to +85°C, S = 0°C to 70°C 
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2-Wire INPUT TIMING 
Interlocked 


Handshake (15) 
— ee, a 


( VALID DATA ) 


ACKN 


a i 
RFD 


OUTPUT TIMING 
(8) 
(4) parce © acumen Ul tac C, (2) 
DAV 
(13) 
EMPTY Lg 
(14) 


FULL 


ACKNOWLEDGE INPUT TO DATA AVAILABLE TIME (BUBBLE TIME) 


OUTPUT ENABLE AND CLEAR 


DATA OUT 


Figure 9. Timing Diagrams 
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FIFO 2-Wire Handshake Timing. Timing for 
2-wire interlocked handshake operation is 
shown in Figure 9. The symbol, description 


and values for the numbered parameters 
(Figure 9) are given in AC Characteristics. 


AC No. Symbol Parameter Min Max  Units* 


Character- —— 
istics 1 TsDI(ACK) Data Input to ACKIN } to Setup Time ns 
2  TdACKi(RFD) ACKIN ! to RFD | Delay 0 ns 
3. TdRFDr(ACK) RFD t to ACKIN } Delay 0 ns 
4 TsDO(DAV) Data Out to DAV | Setup Time 25 ns 
5 — TdDAVAACK) —— DAV } to ACKIN ! Delay ——————_———_____—__- 0 ——_——_____ ns — 
6 ThDO(ACK) Data Out to ACKIN t Hold Time ns 
7  TdACK(DAV) ACKIN ! to DAV t Delay 0 ns 
8 ThDI(RFD) Data Input to RFD | Hold Time 0 ns 
9 TdRFD&ACK) RFD | to ACKIN t Delay 0 ns 
10 — TdACKr(RFD) —— ACKIN t to RFD t Delay 0 ns — 
11 TdDAVr(ACK) DAV t to ACKIN t 0 ns 
12  TdACKr(DAV) ACKIN t to DAV |! 0 ns 


13. TdACKINf EMPTY) (Input) ACKIN |! to EMPTY ! Delay 
(Output) ACKIN | to EMPTY ft Delay 


14 TdACKIN#FULL) (Input) ACKIN | to FULL t Delay 
(Output) ACKIN | to FULL | Delay 


15 — ACKIN Clock Rate (Input or Output) ——_——@—_—__ 1.0 ————————— MHz - 
16 TdACKINKDAV!) (Bubble Time) ns 

17. TwCLR Width of Clear to Reset FIFO 700 ns 

18 TdOE(DO) OE | to Data Bus Driven 0 ns 

19 TdOE(DRZ) OE t to Data Bus Float ns 
NOTES. 


* All timing references assume 2 0 V for a logic 1 and 0.8 V fora 
logic Q. Timings are preliminary and subject to change. 
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28065 
Z8000'Z-BEP 
Burst Error Processor 


Y, Product 


Bau a 
Zilog Specification 
June 1982 
Features @ Detects errors in serial data up to 585,442 m@ Provides three correction algorithms: 


bits in length O Full-period clock-around method for con- 


m Implements correction of a detected error formance to current practices 


burst of up to 12 bits in length O Chinese remainder theorem, which 


m@ Handles effective data rates of up to 20M reduces correction time by orders of 
bits per second magnitude 

@ Provides four industry-standard polynomials O Reciprocal polynomial, which allows cor- 
for error detection rection with 48-bit code 


m Designed for use in both microprocessor 
and microprogrammed disk-controlled 


systems 
General The Z8065 Burst Error Processor (BEP) pro- versions, to satisfy a broad range of applica- 
Description vides error detection and correction facilities tions. During write operations, the BEP 
for high-performance, high-density disk generates check-bit words, which are append- 
systems and any other system in which high- ed to the record being written onto the disk. 
speed serial data transfers occur. These check-bit words are then used in subse- 
For error detection, the BEP provides a quent reads and, if necessary, in correction 
selection of four standard polynomials, operations. 


including the more popular 56-bit and 48-bit 


DATA DATA OUT-— 
INPUT CHECK BITS 
POLYNOMIAL 
SELECT LOCATED ERROR 
PATTERN 
FUNCTION 
READ ERROR ALIGNMENT EXCEPTION 
PATTERN ERROR PATTERN 
POLYNOMIAL PATTERN MATCH 
SHIFT CONTROL 


+5V GND CP MR 


Figure 1. Pin Functions Figure 2. Pin Assignments 
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General 
Description 
(Continued) 


When a stored record is read, the BEP com- 
putes the syndrome for data validation. This 
syndrome is then used to determine if an error 
burst. is present in the retrieved data stream. If 
an error is detected, the BEP can be used to 
locate its actual bit pattern. The information 
obtained is then made available to the host 
system where it is used to correct the data 
read. Any of the three algorithms can be 


selected for this process. 

The BEP is fabricated using silicon-gate, 
N-MOS technology and is supplied in a 40-pin 
dual in-line package (DIP). Figures 1 
and 2 illustrate the pin functions and pin 
assignments, respectively, of the Z8065. Z8065 
operation requires a +5 V dc power supply 
and a single-phase clock. 


Pin 
Descriptions 


AE. Alignment Exception (output, active 
High). This output goes High when a misalign- 
ment condition occurs during an error-pattern 
search operation. 


Co-Co. Function Select (inputs, active High). 
These three lines carry the binary code used to 
select the BEP functions. The codes and the 
functions initiated by each are listed in 

Table 1. 


CG CC, GG Function 

L L L Compute Check Bits 

L L H Write Check Bits 

L H L Read Normal 

L H H Read High Speed 

H L L Load 

H L H Reserved 

H H L Correct Normal (Full Period 
Clock Around) 

H H H Correct High Speed (Chinese 


Remainder Theorem Method) 
H = High, L = Low 


Table 1. Function Select Codes 


CP. Clock (input, active High). All BEP 
operations are timed by this external clock 
input. Any input changes must be made to the 
BEP when CP is High. Data is strobed into the 
BEP only during the Low-to-High transition of 
CP. BEP outputs are valid only after a subse- 
quent Low-to-High transition occurs on CP. 


Do-Dy7. Data In (input, active High). These 
eight lines are used to enter data into the BEP. 
Do is the least-significant bit (LSB) position of 
the input; D7 is the most-significant bit (MSB) 
position of the input. Data entry occurs on the 
Low-to-High transition of the input clock pulse. 
Any change on Do-D7 must take place when 
the clock pulse (CP) input is High. 


EP. Error Pattern (output, active High). Dur- 
ing an error correction process, EP is set High 
to indicate that the bit pattern of the detected 
error has been found. EP is set Low each time 
the BEP is initialized. EP 1s valid only during 
the performance of a correction function; it 
must be ignored at all other times. 


ER. £rror (output, active High). ER indicates 
that the BEP has detected an error in the input 


data stream. If the register array contains a 
zero syndrome, ER is set Low to indicate that 
no error was detected. If the array contains a 
non-zero syndrome, ER is set High to indicate 
that an error was detected. The output is valid 
only after the BEP receives the last check byte 
during a normal read or a read high-speed 
function. The resulting syndrome is contained 
by the register array. ER is set Low each time 
the BEP is initialized. 


LPo9-LP3. Located Error Pattern (outputs, 
3-state). These four lines, together with Qo-Q7 
provide a 12-bit error pattern that is output 
when REP is High. Q7 is the MSB of the pat- 
tern; LPo is the LSB of the pattern. A High 
level on any output line represents a logical 1; 
a Low level a logical 0. When no error pattern 
is available (REP is Low), output lines LP9-LP3 
and Qo-Q7 are maintained in a high- 
impedance state. 


MR. Master Reset (input, active Low). This 
input controls the initialization of the BEP. Set- 
ting MR Low for a minimum period of 800 ns 
initialized the BEP. The BEP must be initialized 
prior to performing compute check bits, read 
normal, read high-speed, and load functions. 


P9-P3. Polynomial Shift Control (inputs, active 
High). During correction procedures using the 
Chinese remainder theorem, each syndrome 
obtained by the high-speed read function is 
shifted individually. The Po-P3 inputs provide 
this capability: Pop enables the shifting of the 
first syndrome, P| shifts the second syndrome 
and so on. A High on an input allows the cor- 
responding register to shift; a Low causes it to 
hold. These inputs are effective only during 
the correct high-speed function. Changes on 
these inputs occur only when the CP input is 
High. 


PM2-PMgy. Pattern Match (outputs, active 
High). These lines are used during a Chinese 
remainder theorem error-correction operation 
to indicate error-pattern match conditions for 
each syndrome involved. When High, an out- 
put specifies that the corresponding syndrome 
register has achieved a match. 


Qo-Q7. Data Out (outputs, 3-state). These 
eight lines are active only during write check 
bit and error correction functions. At all other 
times, Qo-Q7 are maintained at a high- 
impedance level. During the write check bit 
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Pin 
Descriptions 
(Continued) 


function, check bits are presented to these 
lines one byte at a time. Qo is the LSB and O7 
is the MSB of the output. During the error- 
correction function, REP enables these lines to 
carry the detected error bit pattern. 


REP. Read Error Pattern (input, 3-state). REP 
when High, enables lines LPp-LP3 and Q9-Qy7. 


This error pattern information is valid only 


after a High is indicated on the EP output dur- 
ing correction operations. 


So-S,. Polynomial Select (inputs, active High). 
These two pins carry the binary codes required 
to select which polynomial the BEP will imple- 

ment. The select codes (logic levels) are given 


in Table 2. 


Number of 
S1 So Polynomial Check Bits 
LoL (X2241)(X11 4X74 X64.X41)(X124 X11 4 X104 x94 x8 4.x74 X64 X54X44X34+X24X41) 
(X11 4x94 X74 X64 X54 X41) 56 
LH (X2141)xXl14+xX2+41) 32 
H L (X2341)Xl24x114x84xX7+xX34+X+41) 35 
H H (X1341)(X354 X23 4 X84 X24 1) 48 


H = High, L = Low 


Table 2. Polynomial Select Codes 


Architecture 


The BEP consists of four major circuit 
groups: control logic, polynomial divide 
matrix, register array, and status logic. Figure 
3 shows a block diagram of the BEP. 


Control Logic. The control logic circuits pro- 
vide timing, reset, polynomial selection, and 
read error-pattern control inputs for the 
remaining BEP circuits. 

Basic timing is provided to the control logic 
by clock input CP. The control logic generates 
and distributes appropriate timing and control 
signals to the remaining BEP circuits. 

Enabling the Master Reset (MR) causes the 
control logic to initialize all device circuits. 
This operation is usually performed before the 
execution of a selected device function. 

Function select and polynomial select inputs 


are decoded by the control logic. The outputs 
of the decoder are then used to generate the 
control and timing signals needed to perform 
the encoded function or to select the encoded 
polynomial. 

The Read Error Pattern (REP) and 
Polynomial Shift Control signals enable the 
control logic to strobe valid error bit pattern 
outputs onto the register array output lines. 
During high-speed corrections, the polynomial 
shift inputs are used for register array, error 
burst-pattern bit-matching operations. 


Polynomial Divide Matrix. This matrix con- 
nects the register array circuits so that each 
data byte presented on lines Do-D7 is suitably 
divided by the user-selected polynomial. The 
connections to be made are determined by 


STATUS LOGIC 


ZERO DETECTION ERROR (ER) 


RESET (MR) 
CLOCK (CP) 


ALIGNMENT MONITOR 


ERROR PATTERN DETECTOR 


FUNCTION 

eileen ices <a a PATTERN MATCH MONITORS a, PATTERN MATCH (PMq-PM2) 
READ ERROR a; aa eae “| 
PATTERN (REP) ] 

CONTROL DATA OUT 
Leis er Ta 
POLYNOMIAL SHIFT REGISTER 
Poh heron LOCATED ERROR 

2 | 


ALIGNMENT EXCEPTION (AE) 


ERROR PATTERN (EP) 


ARRAY 


POLYNOMIAL 

SELECT (S1-So) 
| 
| 
| 
| 
POLYNOMIAL 

DIVIDE MATRIX 
DATA IN | 
(D7-Do) | 
| 
| 


| 


SELECTABLE POLYNOMIAL 
DIVIDERS 


Figure 3. Simplified Block Diagram 
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Architecture 
(Continued) 


Functional 
Description 


gating the signals supplied by the control logic 
after decoding the select code on inputs So 


and 9). 


Register Array. This array consists of 56 flip- 
flop circuits used for: (1) check-bit computa- 
tion during write operations, (2) syndrome 
computation during read operations, and (3) 
error pattern extraction during error- 
correction operations. 

The bit patterns required for array functions 
are provided by the polynomial divide matrix. 
The array and matrix circuits, together, 
simulate a serial, polynomial, feedback-shift 


Condition 

Detected 
Result of Polynominal Division 
Alignment during H-S and normal correction 
Location of an error bit pattern 


Pattern matching during H-S correction 


register arrangement in an 8-bit parallel form. 

At the end of each write operation, the com- 
puted check-bit bytes are available on lines 
Qo-Q7. On completion of a correction opera- 
tion, the bit pattern of the detected error is 
available on lines LPp-LP3 and Qo-Q7. Input 
REP determines when a valid error bit pattern 
is on the register output lines. 


Status Logic. These circuits monitor the 
register array to detect the conditions listed in 
Table 3 and to enable the generation of the 
corresponding control signals. 


Signal 


ER (error) High when error found; Low when no error. 
AE (alhgnment error) High when error pattern 1s incorrectly aligned. 
EP (error pattern) High when an error-bit pattern 1s detected. 


PM, PM3, PMg (pattern match). Each signal goes High when its 


corresponding register matches the proper section of a located burst-bit 


pattern. 


Table 3. Status Logic, Detected Condition and Resulting Output 


The BEP detects and corrects data errors 
using write, read, and correct operations. The 
BEP operates in conjunction with external 
logic: either a microprocessor or micropro- 
grammed control circuitry. Master clock 
inputs, the selection of polynomials and func- 
tions, and the output of check bytes and error 
bit patterns are initiated and controlled by 
inputs from external circuits. External logic is 
also used to collect data, perform calculations, 
and carry out the actual modification of stored 
data during error-correction operations. 

The BEP contains code for four standard 
polynomials (sometimes referred to as Fire 
codes). This code forms the basis fo the unit's 
error detection and correction functions. The 
polynomial to be used is selected by a coded 
input from the host system*. Table 2 lists the 
polynomial select codes, the equations imple- 
mented, and the number of check bits 
generated by each polynomial during a write 
operation. The same polynomial must be 
selected for the write, read, and correction 
operations performed for a given data stream. 
It 1s the responsibility of the host system to 
keep track of which polynomial is selected for 
use with each data stream. 

The BEP also contains the code required to 
implement each of seven functions that can be 
executed during data stream write, read, and 
correction operations. The function to be per- 
formed is selected by a coded input from the 
host system.* The functions and their required 
input code are listed in Table 1. 


“NOTE In the remainder of this specification, external circuitry 
and software 1s referred to as the host system. 


Write Operation. Before data is written onto a 
disk or similar storage device, the BEP must 
generate and add check-bit bytes to the data to 
be stored. These bytes are required for the 
detection and correction of errors that may 
occur during write and during subsequent 
read operations. 

Immediately before a write operation, the 
host system must output codes to the BEP to 
select the polynomial to be used and to initiate 
the compute check-bit function. 

The data stream to be written is entered, on- 
the-fly, into the BEP as it is written onto the 
disk. Data is presented to the BEP as a series 
of 8-bit bytes in parallel form. Check bits are 
generated by dividing each input byte by the 
selected polynomial using the rules of algebra 
in polynomial fields. The check bits are stored 
as they are generated. Check bits are 
generated in sets of 56, 48, 35, or 32 bits, 
depending on the selected polynomial. When 
the last input byte has been processed, the 
write check-bit function is initiated by the host 
system. During a check-bit write, the 
generated check bits are organized into 8-bit 
bytes (check-bit bytes), which are output byte 
by byte in 8-bit parallel form on lines Qo-Q7. 
The host system adds these check-bit bytes to 
the end of the newly written file. 

The polynomial selected for data write 
operations must also be used in subsequent 
reads of the written data. Therefore, in selec- 
ting a polynomial for a write operation, the 
user should consider the type of read and cor- 
rection functions desired for future data 
retrieval operations. The relationships between 
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Functional 
Description 
(Continued) 


the polynomials and the read and corrections 
functions are: 


w A read normal function must be followed by 
a correct normal function. All four 
polynomials can be used with this set of 
read/correction functions. 


@ A read high-speed function must be fol- 
lowed by the Chinese remainder theorem 
correction function. All but the 48-bit 
polynomial can be used with this set of 
read/correction functions. 


Read Operations. When data is read from a 
disk, the BEP checks the retrieved data and 
check-bit bytes for read and write errors. If 
errors are detected, the host system initiates 
correction functions, retrieving from the BEP 
the information needed to locate and correct 
the erroneous data. Immediately before star- 
ting the read operation, the host system selects 
the desired polynomial and either a read nor- 
mal or a read high-speed function. Data and 
associated check-bit bytes are then loaded, 
byte-by-byte, into the BEP as they are read 
from the disk. A divide operation results in 
one or more syndromes (depending on the 
polynomial used), which are stored in the 
register array. The binary values of these syn- 
dromes indicate whether or not an error was 
present in the scanned data stream. If an error 
was detected, ER is set High. 

When an error condition 1s indicated and 
correction is desired, the host system must 
initiate a correct normal, a 48-bit correct nor- 
mal, or a correct high-speed function. The 
function selected depends on which 
polynomial and which read function were 
selected for the initial read operation. When 
executed, the selected correction function sup- 
plies the host system with the information 
needed to calculate the location of the error 
pattern in the data stream and to correct the 
erroneous data stream bits. 


Read Normal Function. When this function is 
selected, the polynomial matrix is configured 
to establish the selected polynomial in its 
expanded form. The input stream, data and 
check bit bytes, are divided byte by byte by 
the expanded polynomial. The results form a 
syndrome whose binary value is detected by 
the status logic. If the syndrome is nonzero, ER 
goes High, to indicate an error condition; if 
the syndrome is zero, ER remains Low, to 
indicate a no-error state. 


Read High-Speed Function. This function is 
selected when the correct high-speed function 
is used. All but the 48-bit polynomial can be 
used with this function. 

When selected, this function configures the 


polynomial matrix to simultaneously divide 
each byte of the input data/check-bit stream by 
all factors of the selected polynomial. The 
result of each factor division forms a separate 
syndrome. Thus, the number of syndromes 
developed depends upon the number of factors 
in the selected polynomial. The status logic 
monitors all syndromes and uses their com- 
bined binary values to determine if an error 
condition is present. If all syndromes are zero 
after the last byte of the input stream is read, a 
no-error state is indicated and ER remains 
Low. If any syndrome has a non-zero value, an 
error condition is indicated and ER is set High. 


48-Bit Polynomial. Only read normal and cor- 
rect normal functions can be used when this 
polynomial is selected. The read normal func- 
tion for the 48-bit polynomial is performed in 
the same manner as for the other polynomials. 
The resulting syndrome, however, will be too 
long and cannot be used directly in subse- 
quent correct normal functions; instead, the 
reciprocal of the syndrome must be established 
in the BEP before the correct normal function 
is selected. The host system initiates this 
operation by selecting the write check-bit 
function immediately after the syndrome is 
formed and error is indicated. Clock pulses 
are then applied to the BEP during the write 
bit function to strobe the syndrome onto lines 
OQo-Q7 as six sequential 8-bit bytes. The host 
system must then reverse the order of the syn- 
drome bits (that 1s, the original LSB becomes 
the new MSB and the original MSB becomes 
the new LSB) to form the reciprocal. The host 
system then reloads this new syndrome into the 
BEP by selecting the load function. 


Load Function. This function is used only dur- 
ing read normal and correct normal operations 
when the 48-bit polynomial is selected. The 
host system selects the load function to prepare 
the BEP to receive an externally-formed 
reciprocal syndrome and to control the loading 
of the syndrome bytes into the BEP. The load 
function causes the register array to be con- 
figured into an 8-bit wide, 7-bit deep shift 
register connected to lines Do-D7. The host 
system then presents the six syndrome bytes on 
lines Do-D7. Clock pulses are then generated 
to strobe the bytes into the Shift register one at 
a time. 

When all six bytes of the syndrome are 
loaded, the host system causes the input lines 
to be pulled Low, then generates a seventh 
clock pulse. The seventh clock pulse strobes 
these Lows into the Shilt register as a zero 
dummy fill byte. On completion of the load 
operation, the BEP 1s ready for the correct nor- 
mal function. 
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Correction 
Operations 


The detection of an error in a retrieved data 
stream causes the following corrective func- 
tions to be performed: 


1. The error burst containing the erroneous 


data bits is located by the BEP. 


2. Using data supplied by the BEP, the host 
system calculates the exact position of the 
error burst in the retrieved data stream. 


3. The bit pattern of the error burst is strobed 
out of the BEP and used by the host system 
to perform bit correction. 


Location of an Error Pattern. An error pat- 
tern is characterized by the appearance of a 
known number of consecutive Os in specific 
registers of the register array. The exact 
number of Os and their locations in the register 
array is unique to each polynomial. When a 
polynomial is selected for read and error- 
detect/correction operations, the pattern 
associated with that polynomial is loaded into 
the status logic. The status logic uses this pat- 
tern to identify an error burst during the error 
pattern location operations. 

When only one syndrome is developed dur- 
ing the read error-detection function, the 
error-bit pattern is located by repeatedly 
dividing the syndrome by the polynomial. Divi- 
sion is accomplished by the repeated applica- 
tion of clock pulses (CP), while ignoring the 
states of lines Do-D7. This operation results in 
a serial bit-by-bit reconstruction of the 
retrieved data stream. The generated data bits 
are shifted at a rate of one per clock cycle 
through the register array. The BEP status 
logic performs the actual error bit pattern 
detection as the data stream is reconstructed. 
The status logic monitors specific registers of 
the register array, and it detects a pattern of Os 
that matches the zero error pattern unique to 
the selected polynomial, it sets EP High to in- 
dicate that an error burst was found. 

When more than one syndrome is developed 
during the read error-detection function, each 


Polynomial 
(X22 4.1)(X114X74 x64.X%41)(X124xX114.K104.., 
+X+41)(X114xX94X74 x6 4+ X54X+41) 
(X21 4+1)(X114 X24 1) 


(X23 + 1)(X124 X11 4x84X74.X34+X+41) 


(X13 + 1)(X35 4 X23 4 X84 X24 1) 


syndrome is divided by its associated factor 
until a match condition is found for each. Each 
time a match is found, the status logic enables 
one of outputs PMz, PM3 or PMy. When the 
total error bit pattern is found, the status logic 
outputs associated with the syndromes of a 
polynomial (2 or 4) are all enabled. The clock 
pulses required for each factor syndrome 
divide operation are supplied by lines Po-P3. 

A major factor in calculating the exact loca- 
tion of error-burst patterns in the retrieved 
data stream is the number of clock pulses used 
by the BEP to detect the error-burst pattern. 
The host system must record the total number 
of clock pulses generated from the start of BEP 
pattern-location operations to the enabling of 
output EP. If necessary, this total must include 
the clock pulses needed for alignment 
operations. 


Bit Alignment. During syndrome division, the 
register array is configured into a matrix 
representing an 8-bit, parallel mechanization 
of a serial, polynomial division scheme. Under 
certain conditions the error pattern bits 
developed do not line up automatically. When 
the status logic detects such a misalignment, 
AE is set High. When AE is High, the BEP 
switches internally into One-Bit Shift mode 
during which each input clock pulse shifts the 
data stream one cell through the register 
array. When alignment is achieved, the status 
logic sets AE Low and the BEP is switched out 
of the One-Bit Shift mode. The number of shift 
pulses needed to achieve alignment is an addi- 
tional factor in calculating the position of the 
error-bit pattern. 


Uncorrectable Errors. If the total clock cycle 
time needed to locate the error burst pattern is 
greater than the natural period of the selected 
polynomial (Table 4), an uncorrectable error 
condition is indicated and the host system must 
abort the correction operation. 


Correctable 
No. of Period Burst Error 
Check Bits (Bits) Length (Bits) 
56 585 442 1] 
32 42,987 ll 
35 94,185 12 
48 13(235 — 1) 7 


Table 4. Polynomials, Checkbits, Natural Period, and Length of Error Burst 
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Correction 
Operations 
(Continued) 


Correct Normal Function. This function must 
be preceded by a read normal function. With 
the exception of 48-bit polynomial operations, 
this function performs all operations needed to 
construct a serial form of the retrieved data 
stream and to locate the detected error burst. 
The operations performed are the same as 
those described previously for a single- 
syndrome situation. 


Computing Error Bit Pattern Locations. If no 
alignment exception state is indicated (AE is 
Low), the locations of the error-bit pattern 
within the data stream (except when the 35-bit 
polynomial is used) can be calculated by the 
formula: 

L = NK —- 8Rl 
Where: 
L = The location (number) of the first bit in 
the error burst, counting from the last check 
bit in the scanned record. 
N = The natural period of the selected poly- 
nomial. 
K = The smallest integer needed to make this 
expression positive. 
Rl = The total number of clock pulses input 
by the BEP from the start of the find operation 
until EP goes High. 

If an alignment exception state is indicated 
(AE is High), the location of the error-bit pat- 
tern within the data stream (except when the 
35-bit polynomial is used) can be calculated 
using the formula: 

L = NK —- 8Rl —- R2 
Where: 


L,N,K, and Rl are the same as described 
above. 

R2 = The number of clock pulses input by the 
BEP between the time that AE goes High and 
EP goes High. 

If the 35-bit polynomial is selected, the 
guantity 5 must be added in the following man- 
ner to the formulas used to calculate the loca- 
tion of the error-bit pattern: 


L = NK —- 8R1 + 5 
and L = NK — 8R1 — R2 +5 


Correct Normal Function, 48-Bit Poly- 
nomial. The functions performed by the cor- 
rect normal function when a 48-bit polynomial 
is selected are essentially the same as those 
described for the other polynomials. The major 
exception is that the location of the first bit in 
the error-bit pattern is calculated using the 
formula: 


L = (8R1 + R2) — 48 
Where: 


L = The number of bit positions from the last 
check bit to the nearest error burst bit. 


|< L->| 
1ST LAST 
DATA _ ERROR BURST — CHECK 
BIT BIT 


Rl = If alignment is needed, Rl is the number 
of clock pulses from the start of the find opera- 
tion until AE goes High. If no alignment is 
needed, R1 is the total number of clock pulses 
from the start of the find operation until EP 
goes High. 


R2 = Variable used only when an alignment is 
needed; it represents the number of clock 
pulses from the time AE goes High until EP 
goes High. 


Correct High Speed Function. This function 
uses a Chinese remainder theorem to locate a 
detected error-burst bit pattern. This theorem 
minimizes the number of clock pulses required 
for the location process, thus making it appre- 
ciably faster than the correct normal method. 

The correct high-speed function must be 
preceded by the read high-speed function. The 
multiple syndromes developed during the read 
operation are located in consecutive sets of 
flip-flops in the register array. The set of flip- 
flops containing syndromes is treated as an 
individual shift register. Each syndrome shift 
register is associated with the factor of the 
polynomial used to develop the syndrome. For 
example, the 56-bit polynomial has four factors 
(see Table 2), and when selected for read and 
correction operations it causes four correspon- 
ding syndromes to be developed, each housed 
in an individual shift register in the register 
array. 


Correction 
Operations 
(Continued) 


The actual location of an error-bit pattern 
can be computed by the host system using the 
following elements: 


1. The number of clock pulses required (per 
factor/syndrome register) to find the error 
pattern. 

2. The natural period of each factor of the 
selected polynomial. 


3. A predetermined constant per factor. 


The formulas used to calculate error-pattern 
locations for high-speed operations are 
described in Table 5. Table 6 lists the pre- 
determined constants for each factor of the 
polynomials. Table 7 lists the natural period of 
each factor of each polynomial. 


56-Bit L = (NK) - (AlIM1] + A2M2 + 
A3M3 + A4M4) 


32-Bit L = (NK) - (AIM1] + A2M2) 
35-Bit L = (NK) -(A1M1 + A2M2 +5) 


Table 5. Correct High-Speed, Error-Burst 
Location Formulas 
Legend: 


L = Beginning (first bit) of detected error 
burst counting from the last check bit in the 
processed record. 


ae 


1ST LAST 
DATA _ ERROR BURST _ CHECK 
BIT BIT 


K = Smallest integer required to make right 
side of equation positive. 


A)-A4 = Predetermined constants for each 
factor of the selected polynomial. 


N = Natural period of selected polynomial. 


M)-M4 = Number of clock pulses required to 
achieve a match in each factor/syndrome 
register. 


A detected error-bit pattern can be strobed 
from the BEP in 12-bit, parallel form by for- 
cing REP High when EP goes High. The 12-bit 
output is then matched bit for bit with the cor- 
responding bits in the stored data. The error- 
bit pattern is then XORed with the matching 
data stream bits to effect the required bit-by- 
bit correction. 

Figure 4 illustrates the format for strobing 
the error bit pattern (11 or 12 bits) out of the 
BEP in all but the 48-bit polynomial correction 
operation and shows how the pattern must be 
oriented to the data stream bits. Figure 5 illus- 
trates the format for strobing the error-bit pat- 
tern (7 bits) out of the BEP in the 48-bit 
polynomial correction operation and shows 
how the pattern must be oriented to the data 
stream bits. 


Data Stream Correction Function. Each 
detected error pattern consists of 12 con- 
secutive bits not all of which represent errors. 
If the data and check-bit stream scanned dur- 
ing the preceding read operation was stored in 
accessible memory, the error-bit pattern can 
be used directly to correct the data stream. 


Poly- Predetermined Constants 
nomial A, Ae Ag Ay 
56 Bit 452,387 2,521,404 578,864 2,647,216 
32 Bit 311,144 32,760 — — 
35 Bit 32,760 720,728 — — 


Table 6. Chinese Remainder Theorem Coefficients 
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ESP PE ED PE NIB EI EE GR EE LL SD APT ESLER ETE TRO TEA EEE TEESE EEE DERI BET EEE EEE IEG NE ROLE ANENS IDE LESION ED TEATS IGT EIT TE TI EE ST TO I TE EY GENESEE RIEDEL AOR TEER ESE LIE LEA, 


2078-003 2078-004 


Table 7. Natural Periods for Polynomials and Polynomial Factors 


Period Period Period Period Composite 
Polynomial Factor 1 Factor 2 Factor 3 Factor 4 Period (n) 
56 Bit 22 13 89 23 585442 
32 Bit 21 2047 — — 42987 
35 Bit 23 4095 — — 94185 
L (COMPUTED ERROR LOCATION) 
RECORD 
oxra a 


LAST FIRST 
DATA | CHECK 
BIT BIT 


Figure 4. Error Pattern Format for 56-Bit, 35-Bit, and 32-Bit Polynomials 


L (COMPUTED ERROR 
LOCATION) 


|-+— check 


LAST FIRST 
DATA | CHECK 
BIT BIT 


Figure 5. Error Pattern Format for 48-Bit Polynomial 
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Timing The overall timing requirements for BEP 
operations are illustrated in Figures 6 through RY OK 
13. Individual timing parameters are identified aes 
numerically in each timing diagram and are | zi | 
described in the AC Characteristics section. 
Figure 6. Clock Waveform For All Functions Except 
Correct Normal Or Correct High-Speed 
AC Min Max 
Character- No. Symbol Parameter (ns) (ns) 
istics* 
1 TwCP1l Clock Pulse (CP) Width (Low) 180 
2 TcCP Clock Pulse Cycle Time 400 
3 TwCPh Clock Pulse Width (High) 180 
4 TwMR1l MR Pulse Width (Low) 800 
5-— TdMR(CP) ——— MR tft to CP | Time Delay—Recovery 250 
6 TsDI(CP) DI (Do-D7) to CP t Setup Time 350 
7  ThCP(DI) CP t to DI (Do-D7) Hold Time 0 
8  TsC(CP) or C(Cp-Cz) or S(So-S)) to CP t Setup Time 400 
TsS(CP) 
9 ThCP(C) or CP t to C(Co-C3) or S(Sg-S}) Hold Time 0 
ThCP(S) 
10— TsC(CP) or C(Co-C) or S(So-S}) to CP | Setup Time 180 
TsS(CP) 
11  TdC(Q) or C(Co-Cg) or S(Sp-Sz) to Q(Qp-Q7) Valid Time Delay 200 
TdS(Q) 
12. TdCP(Q) CP t to Q(Qp-Q7) Invalid Time Delay 0 
13. TdCP(Q) CP t to Q(Qo-Q7) Valid Time Delay (write) 200 
14. TdC(Q) C(Cg-C2) to Q(Qo-Q7) Time Delay—3-state 100 
15-—— TdMR(ER) ———— MR } to ER |} Time Delay 200 — 
16 TdCP(ER) CP t to ER t Valid Time Delay 200 
17. TwCPCl CP Pulse Width (Low) for Correct Functions 450 
18 TwCPCh CP Pulse Width (High) for Correct Functions 450 
19 TecCPC CP Cycle Time for Correct Functions 1000 
20 — TdC(EP) or C(Cpo-Cy) to EP or to AE Valid Time Delay 250 == 
TdC(AE) 
21 TdCP(EP) or CP } to EP, to AE or to PM(PM2-PM,) Valid Time Delay 400 
TdCP(AE) 
22 TsP(CP) P(Pp-P3) to CP | Setup Time 400 
23  TdP (EP) or Pp t to EP or to AE Time Delay 250 
TdPo(AE) 
24 TsC(CPC) or C(Co-Cy) or S(Sg-S}) to CP | Setup Time for Correct Functions 400 
TsS(CPC) 
25 — TdP(PM) P, or Pz or P3 to Corresponding PM Output, Time Delay 200 
26 TdCP(EP) or CP | to EP, to AE, or to PM (PM2, PM3, PM,) Invalid Time Delay 0 
TdCP(AE) or 
TdCP(PM) 
27  TdPo(EP) or Po | to EP or to AE Invalid Time Delay 0 
TdP,(AE) 
28 TwREPh REP Pulse Width (High) 250 
29. TdREP(Q) or REP t to Q(Qo-Q7) or to LP(LP9-LP3) Time Delay 150 
TdREP(LP) 
30— TdREP(QT) or — REP | to Q(Qp-Q7) or to LP(LP9-LP3) Time Delay 3-state 100 -—— 
TdREP(LPT) 
31 TdP(PM) P(P|-P3) ! to PM(PM2-PMg,) Invalid Time Delay 0 
32 TdC(EP) or C(Cp-Cz) to EP, or to AE, PM(PM2-PM4,) Invalid Time Delay 0 
TdC(AE) or 
TdC(PM) 
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* All timings are preliminary and subject to change. 
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Co-Co 


-_@ oO 


Notes: 1. REP input assumed low. 
2. Qo-Q7 outputs will be high impedance if Co-C. inputs do not specify write check bits function. 


Figure 8. Write Check Bits Function 
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Note: ER output is a function of the contents in the register array flip-flops. 


Figure 9. Read Normal or Read High-Speed Function 
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Figure 10. Clock Waveform for Correct Normal or Correct High-Speed Functions 
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Note 1: Assumes AE or EP output becomes active without any clocking. 


Figure 11. Correct Normal Function 
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Note 2: Assumes EP, AE becomes active without clocking. 
Note 3: Assumes corresponding PM output becomes active without clocking. 


Figure 12. Correct High-Speed Function 
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Figure 13. Read Error Pattern Timing 
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Absolute Voltages on all inputs and outputs with respect 


Stresses greater than those listed under Absolute Max- 
imum Ratings may cause permanent damage to the device. 
This 1s a stress rating only; operation of the device at any 
condition above those indicated in the operational sections 
of these specifications 1s not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect 
device reliability. 


Maximum TO CN Din oe ol eeeee's cuca gunerase -0.3 Vto +7.0 V 
Ratings Operating 

Ambient 

Temperature........ See Ordering Information 

Storage Temperature......... -65° to + 150°C 
Standard The characteristics below apply for the fol- 
Test lowing standard test conditions, unless other- 
Conditions wise noted. All voltages are referenced to 


GND. Positive current flows into the refer- 
enced pin. Standard conditions are as follows: 


m@ +4.75 V < Voc = +5.25 V 
mGND =0OV 
mOo°C < Ta <= +70°C 


2.2K 


FROM OUTPUT 
UNDER TEST 


DC Symbol Parameter Min Max Unit Condition 
Character- 
istics Veu Clock Input High Voltage Vec-0.4  Vect+0.3 V Driven by external clock 
generator 
Vet Clock Input Low Voltage -0.3 0.45 V Driven by external clock 
generator 
Vin Input High Voltage 2.0 Veco +0.3 V 
Vin Input Low Voltage -0.3 0.8 V 
Vou Output High Voltage 2.4 V Ton = -250 A 
VoL Output Low Voltage 0.4 V Io, = +2.0 mA 
hi Input Leakage +10 pA 0.4< Vin = +2.4V 
lon Output Leakage +10 pA 0.4< Vin s +2.4V 
loc Vec Supply Current 300 mA 
Electrical Symbol Parameter Min Max Unit Condition 
Character- 
istics Vir. Input Low Voltage -0.5 + .8 V 
Vin Input High Voltage 2.0 Vcc V 
VoL Output Low Voltage 0.4 V Ion = 3.2 mA 
Vou Output High Voltage 2.4 V Ion = 400 pA 
Io Output Leakage Current 10 pA Vout = 0.4 V 
lou Output Leakage Current 10 pA Vout = Vcc 
Cin Input Capacitance 15 pF 
Cryo 1/O Capacitance 25 pF 
et Input Leakage Current +10 pA 
loc Voc Power Supply Current 


NOTE: Typical values apply at Ta = 25°C and Vcc = 5.0 V. See table above for operating range. 


Ordering Product Package/ 
Information Number Temp Speed Description 
Z8065 CE 2.5 MHz Burst Error 
Processor 
(40-pin) 
Z8065 DS 2.5 MHz Same as above 


Product 
Number 


Z8065 


Z8065 


Package/ 


Temp Speed Description 


PE 2.5 MHz Burst Error 
Processor 
(40-pin) 


PS 2.5 MHz Same as above 


NOTES C = Ceramic, D = Cerdip, P = Plastic; E = -40°C to +85°C, S = 0°C to 70°C 
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Features 


General 
Description 


2080-001, 002 


m@ Encrypts and decrypts data using the 
National Bureau of Standards encryption 
algorithm. 


@ Supports three standard ciphering modes: 
Electronic Code Book, Chain Block and 
Cipher Feedback. 


m Three separate registers for encryption, 
decryption, and master keys improve system 


The Z8068 Data Ciphering Processor (DCP) 
is an n-channel, silicon-gate LSI device, which 
contains the circuitry to encrypt and decrypt 
data using National Bureau of Standards 
encryption algorithms. It is designed to be 
used in a variety of environments, including 
dedicated controllers, communication concen- 
trators, terminals, and peripheral task pro- 
cessors in general processor systems. 

The DCP provides a high throughput rate 
using Cipher Feedback, Electronic Code 
Book, or Cipher Block Chain operating modes. 
The provision of separate ports for key input, 
clear data, and enciphered data enhances 
security. 
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security and throughput by eliminating fre- 
quent reloading of keys. 


m Three separate programmable ports (master, 
slave, and key data) provide hardware 
separation of encrypted data, clear data, 
and keys. 


m Data rates greater than 1M bytes per second 
can be handled. 


@ Key parity check. 


The host system communicates with the DCP 
using commands entered in the master port or 
through auxiliary control lines. Once set up, 
data can flow through the DCP at high speeds 
because input, output and ciphering activities 
can be performed concurrently. External DMA 
control can easily be used to enhance 
throughput in some system configurations. 

The Z8068 DCP is designed to interface 
directly to Zilog’s Z-BUS® . Device signal/pin 
functions are shown in Figure 1; actual pin 
number assignments are shown in Figure 2. 


Figure 2. Pin Assignments 
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Pin 
Descriptions 


AFLG. Auxiliary Port Flag (output, active 
Low). This output signal indicates that the DCP 
is expecting key data to be entered on pins 
AUXo-AUXy. This can occur only when C/K is 
Low and a “Load Key Through AUX Port’’ 
command has been entered. AFLG remains 
active (Low) during the input of all eight bytes 
and will go inactive with the leading edge of 
the eighth strobe (ASTB). 


ASTB. Auxiliary Port Strobe (input, active 
Low). In Multiplexed Control mode (C/K Low), 
the rising (trailing) edge of ASTB strobes the 
key data on pins AUXp-AUX7 into the 
appropriate internal key register. This input is 
ignored unless AFLG and C/K are both Low. 
One byte of key data is entered on each ASTB 
with the most significant byte entered first. 


AUX)-AUX,. Auxiliary Port Bus (bidirectional, 
active High). When the DCP is operated in 
Multiplexed Control mode (C/K Low), these 
eight lines form a key-byte input port, which 
can be used to enter the master and session 
keys. This port is the only path available for 
entering the master key. (Session keys can also 
be entered via the master port.) AUXpo is the 
low-order bit and is considered to be the parity 
bit in key bytes. The most significant byte is 
entered first. 

When the DCP is operated in Direct Control 
mode (C/K High), the auxiliary port’s key- 
entry function is disabled and five of the eight 
lines become direct control/status lines for 
interfacing to high-speed microprogrammed 
controllers. In this case, AUXp, AUX) and 
AUX, have no function, and the other pins are 
defined as follows: 


AUX,-BSY. Busy (output, active Low). This 
status output gives a hardware indication that 
the ciphering algorithm is in operation. 
AUX)-BSY is driven by the BSY bit in the 
Status register such that when the BSY bit is 1 
(active), AUX2-BSY is Low. 


AUX3-CP. Command Pending (output, active 
Low). This status output gives a hardware 
indication that the DCP is ready to accept the 
input of key bytes following a Low-to-High 
transition on AUX7-K/D. AUX3-CP is driven 
by the CP bit in the Status register such that 
when the CP bit is 1 (active), AUX3-CP is 
Low. 


AUX;-S/S. Start/Stop (input, Low = Stop). 
When this pin goes Low (Stop), the DCP 
follows the normal Stop command sequence. 
When this pin goes High, a sequence 
equivalent to a Start Encryption or Start 
Decryption command is followed. When __ 
AUXs-S/S goes High, the level on AUX,-E/D 
selects either the start encryption or start 
decryption operation. 


AUX,-E/D. Encrypt/Decrypt (input, 
Low = Decrypt). When AUXs-S/S goes High, 


it initiates a normal data ciphering operation 
whose input specifies whether the ciphering 
algorithm is to encrypt (E/D High) or decrypt 
(E/D Low). 

When AUX7-K/D goes High, initiating the 
entry of key bytes, the level on AUX¢-E/D 
specifies whether the bytes are to be written 
into the E Key register (E/D High) or the D key 
Register (E/D Low). 

The AUX¢,-E/D input is not latched internally 
and must be held constant whenever one or 
more of AUXs-S/S, AUX7-K/D, AUX-BSY, or 
AUX3-CP are active. Failure to maintain the 
proper level on AUXg-E/D during loading or 
ciphering operations results in scrambled data 
in the internal registers. 


AUX7-K/D. Key/Data (input, Low = Data). 
When this signal goes High, the DCP initiates 
a key-data input sequence as if a Load Clear E 
or D Key Through Master Port command had 
been entered. The level on AUXg-E/D deter- 
mines whether the subsequently entered clear- 
key bytes are written into the E key register 
(E/D High) or the D key register (E/D Low) 

AUX7-K/D and AUXs-S/S are mutually 
exclusive control lines; when one goes active 
(High), the other must remain inactive (Low) 
until the first returns to an inactive state. In 
addition, both lines must be inactive (Low) 
whenever a transition occurs on C/K (entering 
or exiting Direct Control mode). 


C/K. Control/Key Mode Control. (input, 

Low = Key). This input determines the 
operating characteristics of the DCP. A Low 
input on C/K puts the DCP into the Multiplex- 
ed Control mode, enabling programmed 
access to internal registers through the master 
port and enabling input of keys through the 
auxiliary port. A High input on C/K specifies 
operation in Direct Control mode. In this 
mode, several of the auxiliary port pins 
become direct control status signals which can 
be driven/sensed by high-speed controller 
logic, and access to internal registers through 
the master port is limited to the Input or Out- 
put register. 


CLK. Clock (input, TTL compatible). An exter- 
nal timing source is input via the CLK pin. 
The Master and Slave Port Chip Select and 
Data Strobe signals (MCS, MDS, SCS, SDS) 
must change synchronously with this clock 
input, as must Master Port Address Strobe 
(MAS) in Multiplexed Control mode (C/K 
Low), and also AUX7-K/D and AUXs-S/S in 
Direct Control mode (C/K High). In addition, 
the Auxiliary, Master and Slave Port Flag out- 
puts (AFLG, MFLG, and SFLG) change syn- 
chronously with the clock. When using the 
DCP with the Z8000 CPU in Multiplexed Con- 
trol mode, the clock input must agree in fre- 
quency and phase with the processor clock; 
however, the DCP does not require the high 
voltage levels of the processor clock. 
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MAS. Master Port Address Strobe (input, 
active Low). In Multiplexed Control mode 
(C/K Low), an active (Low) signal on this pin 
indicates the presence of valid address and 
chip select information at the master port. This 
information is latched internally on the rising 
edge of Master Port Address Strobe (MAS). 
When C/K is High (Direct Control mode), 
MAS can be High or Low without affecting 
DCP operation, except that, regardless of the 
state of C/K, if both Master Port Address 
Strobe (MAS) and Data Strobe (MDS) are Low 
simultaneously, the DCP Mode register will be 
reset to ECB mode. The master port is 
assigned to clear data, the slave port is 
assigned to enable data, and all flags remain 
inactive. 


MCS. Master Port Chip Select (input, active 
High). This signal 1s used to select the master 
port. In Multiplexed Control mode (C/K Low), 
the level on MCS is latched internally on the 
rising edge of Master Port Address Strobe 
(MAS). This latched level is retained as long 
as MAS is High; when MAS 1s Low, the latch 
becomes invisible and the internal signal 
follows the MCS input. In Direct Control mode 
(C/K High), no latching of Master Port Chip 
Select occurs; the level on MCS is passed 
directly to the internal select circuitry, 
regardless of the state of Address Strobe 
(MAS). 


MDS. Master Port Data Strobe (input, active 
Low). When MDS is active and Master Port 
Chip Select (MCS) is valid, it indicates that 
valid data is present on MPp-MP7 during out- 
put. MDS and Master Port Address Strobe 
(MAS) are normally mutually exclusive; if both 
go Low simultaneously, the DCP is reset to 
ECB mode and all flags remain inactive. 


MFLG. Master Port Flag (output, active Low). 
This flag is used to indicate the need for a data 
transfer into or out of the master port during 
normal ciphering operation. Depending upon 
the control bits written to the Mode register, 
the master port is associated with either the 
Input register or the Output register. 

If data is to be transferred: through the 
master port to the Input register, the MFLG 
reflects the contents of the Input register; after 
any start command is entered, MFLG goes ac- 
tive (Low) whenever the Input register is not 
full. MFLG is forced High by any command 
other than a start. Conversely, if the master 
port is associated with the Output register, 
MFLG reflects the contents of the Output 
register (except in single-port configuration). 
MFLG goes active (Low) whenever the Output 
register is not empty. In single-port configura- 
tion, MFLG reflects the contents of the Input 
register, while the Slave Port Flag (SFLG) is 
associated with the Output register. 


MP o-MP,. Master Port Bus (input/output, 
active High). These eight bidirectional lines 
are used to specify internal register addresses 
in Multiplexed Control mode (see C/K) and to 
input and output data. The master port pro- 
vides software access to the Status, Command 
and Mode registers as well as the Input and 
Output registers. The 3-state master port out- 
puts are enabled only when the master port is 
selected by Master Port Chip Select (MCS) 
being Low, with Master Port Read/Write 
(MR/W) High, and strobed by a Low on the 
Master Port Data Strobe (MDS). MPp is the 
low-order bit. Data and key information is 
entered into this port with most significant byte 
input first. 


MR/W. Master Port Read/Write (input, 

Low = Write). This signal indicates to the 
DCP whether the current master port operation 
is a read (MR/W is High) or a write (MR/W is 
Low), thereby indicating whether data is to be 
transferred from or to an internal register. 
MR/W is not latched internally and must be 
held stable while Master Port Data Strobe 
(MDS) is Low. 


PAR. Parity (output, active Low). The DCP 
checks all key bytes for correct (odd) parity as 
they are entered through either the master port 
(Multiplexed or Direct Control mode) or the 
auxiliary port (Multiplexed Control mode 
only). If any key byte contains even parity, the 
PAR bit in the Status register is set to 1 and 
PAR goes Low. The least significant bit of key 
bytes is the parity. 


SCS. Slave Port Chip Select (input, active 
Low). This signal is logically combined with 
Slave Port Data Strobe (SDS) to facilitate slave 
port data transfers in a bus environment. SCS 
is not latched internally and can be per- 
manently tied to Low without impairing slave 
port operation. 


SDS. Slave Port Data Strobe (input, active 
Low). When both SDS and SCS are Low, it 
indicates to the DCP either that valid data is 
on the SPo9-SP7 lines for an input operation, or 
that data is to be driven onto the SPo9-SP7 lines 


for output. The direction of data flow is deter- 


mined by the control bits in the Mode register. 


SFLG. Slave Port Flag (output, active Low). 
This output indicates the status of either the 
Input register or the Output register, depen- 
ding on the control bits in the Mode register. 
In single-port configuration, SFLG goes active 
during normal processing whenever the Out- 
put register is not empty. In dual-port con- 
figuration, SFLG reflects the content of 
whichever register is associated with the slave 
port. If the input register is assigned to the 
slave port, SFLG goes active whenever the 
Input register is not full, once any of the start 
commands has been entered; SFLG is forced 
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Pin inactive if any other command 1s entered. If 

Descriptions the slave port is assigned to the Output 

(Continued) register, SEFLG goes active whenever the Out- 
put register is not empty. In this case, SFLG 
goes inactive if any command is aborted. 


SPo-SP7. Slave Port Bus (bidirectional). The 
slave port provides a second data input/output 
interface to the DCP, allowing overlapped 


The overall design of the DCP, as shown 
in Figure 3, is optimized to achieve high data 
throughput. Data bytes can be transferred 
through both the master and slave ports, and 
key bytes can be written through both the aux- 
iliary and master ports. Three 8-bit buses 
(input, output and C bus) carry data and key 
bytes between the ports and the internal 
registers. Three 56-bit, write-only key registers 
are provided for the Master (M) Key, the 
Encryption (E) Key and the Decryption (D) 
Key. Parity checking is provided on incoming 
key bytes. Two 64-bit registers are provided 
for initializing vectors (IVE and IVD) that are 
required for chained (feedback) ciphering 
modes. Three 8-bit registers (Mode, Command 
and Status) are accessible through the master 
port. 


Functional 
Description 


Algorithm Processing. The algorithm pro- 
cessing unit of the DCP (Figure 3) is designed 
to encrypt and decrypt data according to the 
National Bureau of Standards’ Data Encryption 
Standard (DES), as specified in Federal Infor- 
mation Processing Standards Publication 46. 
The DES specifies a method for encrypting 
64-bit blocks of clear data (‘plain text’’) into 
corresponding 64-bit blocks of “cipher text.” 
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input, output, and ciphering operations. The 
3-state slave port outputs are driven only when 
Slave Port Chip Select (SCS) and Slave Port 
Data Strobe (SDS) are both Low, SFLG is 0, 
and the internal port control configuration 
allows output to the slave port. SPo is the low 
order bit. The most significant byte of data 
blocks 1s entered or retrieved through this port 
first. 


The DCP offers three ciphering methods, 
selected by the cipher type field of the Mode 
register: Electronic Code Book (ECB), Cipher 
Block Chain (CBC) and Cipher Feedback 
(CFB). These methods are implemented in 
accordance with Federal Information Process- 
ing Standards, Publication 46. 

Electronic Code Book (ECB) is a straightfor- 
ward implementation of the DES: 64 bits of 
clear data 1n, 64 bits of cipher text out, with no 
cryptographic dependence between blocks. 

Cipher Block Chain (CBC) also operates on 
blocks of 64 bits, but 1t includes a feedback 
step which chains consecutive blocks so that 
repetitive data in the plain text (such as ASCII 
blanks) does not yield repetitive cipher text. 
CBC also provides an error extension 
characteristic which protects against 
fraudulent data insertions and deletions. 

Cipher Feedback (CFB) is an additive 
stream cipher method in which the DES 
algorithm generates a pseudorandom binary 
stream, which 1s then exclusive-ORed with the 
clear data to form the cipher text. The cipher 
text is then fed back to form a portion of the 
next DES input block. The DCP implements 
8-bit cipher feedback, with data input, output, 
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Figure 3. Z8068 Block Diagram 
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and feedback paths of one byte wide. This 
method is useful for low speed, character-at-a- 
time, serial communications. 


Multiple Key Registers. The DCP provides 
the necessary registers to implement a 
multiple-key or master-key system. In such an 
arrangement, a single master key, stored in 
the DCP M key register, is used to encrypt ses- 
sion keys for transmission to remote DES 
equipment and to decrypt session keys 
received from such equipment. The M Key 
register may be loaded (with plain text) only 
through the auxiliary port, using the Load 
Clear Master Key command. In addition to the 
M Key register, the DCP contains two session 
key registers: the E key register, used to en- 
crypt clear text, and the D key register, used 
to decrypt cipher text. All three registers are 
loaded by writing commands such as Load 
Clear E Key, through master port, into the 
Command register, and then writing the eight 
bytes of key data to the port when the Com- 
mand Pending bit in the Status register is 1. 


Operating Modes: Multiplexed Control vs. 
Direct Control. The DCP can be operated in 
either of two basic interfacing modes, deter- 
mined by the logic level on the C/K input pin. 
In Multiplexed Control mode (C/K Low), the 
DCP is configured internally to allow a master 
CPU to address five of the internal con- 
trol/status/data registers directly, thereby con- 
trolling the device via mode and command 
values written to these registers. Also, in this 
mode, the auxiliary port is enabled for key- 
byte input. - 

If the logic level on C/K is brought High, 
the DCP enters Direct Control mode, and the 
auxiliary port pins are converted into direct 
hardware status or control signals capable of 
instructing the DCP to perform a@& functionally 
complete subset of its cipher processing at 
very high throughputs. This operating mode is 
particularly well suited for ciphering data for 
high-speed peripheral devices such as 
magnetic disk or tape. 


Data Flow. Bits Mz and M3 of the Mode 
register control the flow of data into and out of 
the DCP through the master and slave ports. 
Three basic configurations are provided: one 
single-port and two dual-port. 


Single-Port Configuration. The simplest con- 
figuration occurs when the Mode register con- 
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figuration bits are set to master port only 
(Figure 4). In this operating configuration, the 
encrypt/decrypt bit (M4) controls the process- 
ing of data. Data to be encrypted or decrypted 
is written to the master port Input register 
address. To facilitate monitoring of the Input 
register status, the MFLG signal goes Low 
when the Input register is not full. Data is read 
by the master CPU through the master port 
Output register address. Pin SFLG goes Low 
when the Output register is not empty. MFLG 
is then redefined as a master input flag and 
SFLG is redefined as a master output flag. 
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Figure 4. Single-Port Configuration, Multiplexed Control 
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Figure 5a. Dual-Port Configuration, Multiplexed Control 


Dual Port, Master Port Clear 

Configuration. In the dual-port configura- 
tions, both the master and slave ports are used 
for data entry and removal (Figures 5a and 
5b). In the master port clear configuration, 
clear text for encryption can be entered only 
through the master port, and clear text 
resulting from decryption can be read only 
through the master port. Cipher text can be 
handled only through the slave port. The 
actual direction of data flow is controlled 
either by the encrypt/decrypt bit (M4) in the 
Mode register or by the Start Encryption or 
Start Decryption commands. If encryption is 
specified, clear data will flow through the 
master port to the Input register, and cipher 
data will be available at the slave port when it 
is ready to be read from the Output register. 
For decryption, the process is reversed, with 
cipher data written to the Input register 
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Figure 5b. Dual-Port Configuration, Direct Control 


2080-004, 005, 006 


299 


Functional 
Description 
(Continued) 


through the master port. Slave port and clear 
text read from the Master port. 

In both dual-port configurations, the Master 
Port Flag (MFLG) and the Slave Port Flag 
(SFLG) are used to indicate the status of the 
data register associated with the master port 
and slave port, respectively. For example, dur- 
ing encryption in the master port clear con- 
figuration, MFLG goes Low (active) when the 
Input register is not full; SFLG goes Low 
(active) when the Output register is not empty. 
If cyphering operation changes direction, 
MFLG and SFLG switch their register associa- 
tion (see Table 1). 


Mode Register Bits 


Encrypt/ Port Input Output 
Decrypt Configuration Register Register 
Bit M4 Bit M3 _ Bit M2 Flag Flag 
0 0 0 MFLG SFLG 
0 0 i SFLG MFLG 
0 0 MFLG SFLG 
] 0 0 SFLG MFLG 
] 0 ] MFLG SFLG 
] ] 0 MFLG SFLG 


Table 1. Association of Master Port Flag (MFLG) 
and Slave Port Flag (SFLG) 
with Input and Output Registers 


Dual Port, Slave Port Clear Configuration. 
This configuration is identical to the previously 
described dual-port, master port clear con- 
figuration except that the direction of cipher- 
ing is reversed. That is, all data flowing in or 
out of the master port is cipher text, and all 
data at the slave port is clear text. 


Master Port Read/Write Timing. The master 
port of the DCP is designed to operate directly 
with a multiplexed address/data bus such as 
the Zilog Z-BUS. Several features of the master 
port logic are: 


m The level on Master Port Chip Select (MCS) 
is latched internally on the rising (trailing) 
edge of Master Port Address Strobe (MAS). 
This action relieves external address decode 
circuitry of the responsibility for latching 
chip select at address time. 


@ The levels on MP; and MP3 are also latched 
internally on the rising edge of MAS and 
are subsequently decoded to enable reading 
and writing of the DCP’s internal registers 
(Mode, Command, Status, Input and Out- 
put). This action also eliminates the need for 
external address latching and decoding. 


@ Data transfers through the master port are 
controlled by the levels and transitions on 
Master Port Data Strobe (MDS) and Master 
Port Read/Write (MR/W). The former con- 
trols the timing and the latter controls the 
transfer direction. Data transfers disturb 
neither the chip-select nor address latches, 


so once the DCP and a particular register 
have been selected, any number of reads or 
writes of that register can be accomplished 
without intervening address cycles. This 
feature greatly speeds up the loading of 
keys and data, given the necessary transfer 
control external to the DCP. 


Loading Keys and Initializing Vector (IV) 
Registers. Because the key and Initializing 
Vector (IV) registers are not directly 
addressable through any of the DCP’s ports, 
keys and vector data must be loaded (and in 
the case of vectors, read) via ‘‘“command data 
sequences.” Most of the commands recognized 
by the DCP are of this type. A load or read 
command is written to the Command register 
through the master port. The command pro- 
cessor responds by asserting the Command 
Pending output. The user then either writes 
eight bytes of key or vector data through the 
master or auxiliary port, as appropriate to the 
specific command, or reads eight bytes of vec- 
tor data from the master port. 

In Direct Control mode, only the E Key and 
D Key registers can be loaded; the M Key and 
IV registers are inaccessible. Loading the E 
and D Key registers is accomplished by plac- 
ing the proper state on the AUX¢-E/D input 
(High for E Key, Low for D Key) and then rais- 
ing the AUX7-K/D input—indicating that key 
loading is required. The command processor 
attaches the proper key register to the master 
port and asserts the AUX3-CP (Command 
Pending) signal (active Low). The eight key 
bytes can then be written to the master port. In 
the Multiplexed Control mode, all key and 
vector registers can be written to and all but 
the Master (M) Key register can be loaded with 
encrypted, as well as clear, data. If the opera- 
tion is a Load Encrypt command, the subse- 
quent data written to the master or auxiliary 
port (as appropriate) is routed first to the Input 
register and decrypted before it is written into 
the specified key or Initializing Vector 
register. 


Parity Checking of Keys. Key bytes contain 
seven bits of key information and one parity 
bit. By DES designation, the low-order bit is 
the parity bit. The parity-check circuit is 
enabled whenever a byte is written to one of 
three key registers. The output of the parity- 
check circuit is connected to PAR and the 
state of this signal is reflected in Status register 
bit PAR (S3). Status register bit PAR goes to 1 
whenever a byte with even parity (an even 
number of Is) is detected. In addition to the 
PAR bit, the Status register has a Latched Pari- 
ty bit (LPAR, 54) that is set to 1 whenever the 
Status register PAR bit goes to 1. Once set, the 
LPAR bit is not cleared until a reset occurs or 
a new Load Key command is issued. 
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When an encrypted key is entered, the 
parity-check logic operates only after the 
decrypted key is available. The encrypted data 
is not checked for parity. The PAR signal 
reflects the state of the decrypted bytes on a 
byte-to-byte basis as they are clocked through 


the parity-check logic on their way to the key 
register. Thus, the time during which PAR 
indicates the status of a byte of decrypted key 
data may be as short as four clock cycles. The 
LPAR bit in the Status register indicates if any 
erroneous bytes of key data were entered. 


Program- 
ming 


Initialization. The DCP can be reset in 
several ways: 


m By the “Software Reset’ command. 


m By a hardware reset, which occurs 
whenever both MAS and MDS go Low 
simultaneously. 


m By writing to the Mode register. 
m@ By aborting any command. 


These sequences initiate the same internal 
operations, except that loading the Mode 
register or aborting any command does not 
subsequently reset the Mode register. Once a 
reset process starts, the DCP is unable to 
respond to further commands for approximate- 
ly five clock cycles. If a power-up hardware 
reset is used, the leading edge of the reset 
signal should not occur until approximately 1 
ms after Vcc has reached normal operating 
voltage. This delay time is needed for internal 
signals to stabilize. 


Registers. The registers in the DCP that can 
be addressed directly through the master port 
are shown with their addresses in Table 2. A 
brief description of these registers and those 
not directly accessible follows. 


C/K MP2 MP1 MR/W MCS Register Addressed 


0 X 0 0 O Input Register 

0 X 0 ] QO Output Register 

0 0 l 0 OQ Command Register 

0 0 ] l O Status Register 

0 ] ] X Q Mode Register 

X X X X 1 No Register Accessed 
l X X 0 QO Input Register 

] X X 1 QO Output Register 


Table 2. Master Port Register Addresses 


_ Pins 
C/K AUX,-K/D AUX;-E/D 

H L L t 
H Li H t 
H L X | 
H t L 1@ 
H t H L 
H | X L 
H H X H 
ie Data Data Data 


Command 


90 Load Clear M Key Through Auxiliary Port 
91 Load Clear E Key Through Auxiliary Port 
92 Load Clear D Key Through Auxiliary Port 
11 Load Clear E Key Through Master Port 
12 Load Clear D Key Through Master Port 


Bl Load Encrypted E Key Through Auxiliary Port 
B2 Load Encrypted D Key Through Auxiliary Port 
31 Load Encrypted E Key Through Master Port 
32 Load Encrypted D Key Through Master Port 


85 Load Clear IVE Through Master Port 
84 Load Clear IVD Through Master Port 
AS5 Load Encrypted IVE Through Master Port 
A4 Load Encrypted IVD Through Master Port 


8D Read Clear IVE Through Master Port 
8C Read Clear IVD Through Master Port 
A9 Read Encrypted IVE Through Master Port 
A8& Read Encrypted IVD Through Master Port 


39 Encrypt With Master Key 
4] Start Encryption 

40 Start Decryption 

CO. Start 


EO Stop 
00 Software Reset 


Table 3. Command Codes in Multiplexed Control Mode 


Command Register. Data written to the 8-bit, 
write-only Command register through the 
master port is interpreted as an instruction. A 
detailed description of each command is given 
in the Commands section; the commands 

and their hexadecimal representations are 
summarized in Table 3. A subset of these 
commands can be entered implicitly in Direct 
Control mode (C/K High)—even though the 
Command register cannot be addressed 1n that 
mode—by transitions on auxiliary lines 
AUXs-S/S, AUX,-E/D, and AUX7-K/D. These 


implicit commands are summarized in Table 4. 


AUX;-S/S Command Initiated 


Start Decryption 

Start Encryption 

Stop 

Load D Key Clear through master port 
Load E Key Clear through master port 
End Load Key command 

Not allowed 

AUX pins become Key-Byte inputs 


Table 4. Implicit Command Sequences in Direct Control Mode 
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Status Register. The bit assignments in the 
read-only Status register are shown in Figure 
6. The PAR, AFLG, SFLG and MFLG bits 
indicate the status of the corresponding output 
pins, as do the busy and command pending 
bits when the DCP is in a Direct Control mode 
(C/K High). In each case, the output signal 
will be active Low when the corresponding 
status bit is a 1. The parity bit indicates the 
parity of the most recently entered key byte. 
The LPAR bit indicates whether any key byte 
with even parity has been encountered since 
the last Reset or Load Key command. 

The Busy bit is 1 whenever the ciphering 
algorithm unit is actively encrypting or 
decrypting data, either as a response to a com- 
mand such as Load Encrypted Key (in which 
case the Command Pending bit is 1) or in the 
ciphering of regular text (indicated by the 
Start/Stop bit being 1). If the ciphered data 
cannot be transferred to the Output register 
because that register still contains output from 
a previous ciphering cycle, the Busy bit 
remains 1 even after the ciphering is complete. 
Busy is 0 at all other times, even when cipher- 
ing is not possible because data has not been 
written to the Input register. 

The Command Pending bit is set to 1 by any 
command whose execution requires the 
transfer of data to or from a nonaddressable 
internal register, such as when writing key 
bytes to the E key register or reading bytes 
from the IVE register. Thus, the Command 
Pending bit is set following all commands ex- 


Mode Register. Bit assignments in this 5-bit 
read/write register are shown in Figure 7. The 
cipher type bits (M; and Mo) indicate to the 
DCP which ciphering algorithm is to be used. 
On reset, the Cipher Type mode defaults to 
Electronic Code Book mode. 

Configuration bits (M3 and M2) indicate 
which data ports are to be associated with the 
Input and Output registers and flags. When 
these bits are set to the single-port, master- 
only configuration (M3 Mz = 10), the slave 
port is disabled and no manipulation of Slave 
Port Chip Select (SCS) or Slave Data Strobe 
(SDS) can result in data movement through the 
slave port; all data transfers are accomplished 
through the master port, as previously 
described in the Functional Description. Both 
MFLG and SFLG are used in this configura- 
tion; MFLG gives the status of the Input 
register and SFLG gives the status of the Out- 
put register. 

When the configuration bits are set to one of 
the dual-port configurations (M3 Mz = 00 or 
01), both the master and slave ports are 
available for input and output. When M3, 

M2 = 01 (the default configuration), the 
master port handles clear data while the slave 
port handles encrypted data. Configuration 


cept the three start commands, the Stop com- 
mand and the Software Reset command. The 
Command Pending bit returns to 0 after all 
eight bytes have been transferred following 
Load Clear, Read.Clear, or Read Encrypted 
commands; and after data has been transfer- 
red, decrypted, and loaded into the desired 
register following Load Encrypt commands. 

The Start/Stop bit is set to 1 when one of the 
start commands is entered and it is reset to 0 
whenever a reset occurs or when a new com- 
mand other than a Start is entered. 


ce WIE 


L _ayneteh PORT FLAG 

: = INACTIVE 

= ACTIVE 

SLAVE PORT FLAG 

0 = INACTIVE 

1 = ACTIVE 
AUXILIARY PORT FLAG 

0 = INACTIVE 

1 = ACTIVE 
PARITY (PAR) 


0 = ODD PARITY 
1 = EVEN PARITY 


0 = ALL BYTES HAD 
ODD PARITY 


1 = ONE OR MORE BYTES 
HAD EVEN PARITY 


BUSY 
0 = NOT BUSY 
1 = BUSY 


COMMAND PENDING 
0 = INACTIVE 
1 = ACTIVE 


STARTISTOP 
0 = STOP ENTERED 
1 = START ENTERED 


Figure 6. Status Register Bit Assignments 


M3, Mz = 00 reverses this assignment. Actual 
data direction at any particular moment is con- 
trolled by the Encrypt/Decrypt bit. 

The Encrypt/Decrypt bit (M4) instructs the 
DCP algorithm processor to encrypt or decrypt 
the data from the Input register using the 
ciphering method specified by the Cipher 
Type bits. The Encrypt/Decrypt bit also con- 
trols data flow within the DCP. For example, 
when the configuration bits are 0,1 (dual-port, 
master clear, slave encrypted) and the 
Encrypt/Decrypt bit is 1 (encrypt), clear data 
will flow into the DCP through the master port 
and encrypted data will flow out through the 
slave port. When the Encrypt/Decrypt bit is set 
to 0 (decrypt), data flow is reversed. 


[Mz | Me] Ms | Ma] M2] Ma [Mo 


| ies CIPHER TYPE 
RESERVED 00 = ELECTRONIC CODE BOOK (DEFAULT) 
01 CIPHER FEEDBACK 
10 CIPHER BLOCK CHAIN 
11 = RESERVED 
PORT CONFIGURATION 
00 = DUAL PORT, MASTER 
ENCRYPTED, SLAVE CLEAR 
01 = DUAL PORT, MASTER CLEAR, 
SLAVE ENCRYPTED (DEFAULT) 
10 = SINGLE PORT, MASTER ONLY 
11 = RESERVED 
ENCRYPT/DECRYPT 
CRYPT 


oat ft 


0 = DECRYPT 


Figure 7. Mode Register Bit Assignments 
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Input Register. The 64-bit, write-only Input 
register is organized to appear to the user as 
eight bytes of pushdown storage. A status cir- 
cuit monitors the number of bytes that have 
been stored. The register is considered empty 
when the data stored in it has been or is being 
processed; it is considered full when one byte 
of data has been entered in Cipher Feedback 
mode or when eight bytes of data have been 
entered in Electronic Code Book or Cipher 
Block Chain mode. If the user attempts to write 
data into the Input register when it is full, the 
Input register disregards the attempt; no data 
in the register is destroyed. 


Output Register. The 64-bit, read-only Output 
register is organized to appear to the user as 
eight bytes of pop-up storage. A status circuit 
detects the number of bytes stored in the Out- 
put register. The register is considered empty 
when all the data stored in it has been read by 
the master CPU and is considered full if it still 
contains one or more bytes of output data. If a 
user attempts to read data from the Output 
register when it is empty, the buffers driving 
the output bus remain in a 3-state condition. 


M. E, D Key Registers. The following 
multibyte key registers cannot be addressed 
directly, but are loaded in response to com- 
mands written to the Command register. 


There are three 64-bit, write-only key 
registers in the DCP: the Master (M) Key 
register, the Encrypt (E) key register, and the 
Decrypt (D) key register. The Master key 
register can be loaded only with clear data 
through the auxiliary port. The Encrypt and 
Decrypt Key registers can be loaded in any of 
four ways: (1) as clear data through the aux- 
ilary port, (2) as clear data through the master 
port, (3) as encrypted data through the aux- 
iliary port, or (4) as encrypted data through 
the master port. In the last two cases, the 
encrypted data is first routed to the Input 
register, decrypted using the M Key, and final- 
ly written to the target key register from the 
Output register. 


Initializing Vector Registers (IVE and 

IVD). Two 64-bit registers are provided to 
store feedback values for cipher feedback and 
chained block ciphering methods. One initia- 
lizing vector register (IVE) is used during 
encryption, the other (IVD) is used during 
decryption. Both registers can be loaded with 
either clear or encrypted data through the 
master port (in the latter case, the data is 
decrypted before being loaded into the IV 
register), and both may be read out either 
clear or encrypted through the master port. 


d9a-Z 8908Z 


Commands 


All operations of the DCP result from com- 
mand inputs, which are entered in Multiplexed 
Control mode by writing a command byte to 
the Command register. Command inputs are 
entered in Direct Control mode by raising and 
lowering the logic levels on the AUX7-K/D, 
AUX.-E/D, and AUXs-S/S pins. Table 3 shows 
all commands that can be given in Multiplexed 
Control mode. Table 4 shows a subset of the 
implicit commands that can be executed in the 
Direct Control mode. 


Load Clear M Key Through Auxiliary Port 
(90H). 
Load Clear E Key Through Auxiliary Port 
(91H). 
Load Clear D Key Through Auxiliary Port 
(92H). 

These commands may be used only for 
multiplexed operations; they override the data 
flow specifications set in the Mode register and 
cause the Master (M) Key, Encrypt (E) Key, or 
Decrypt (D) Key register to be loaded with 
eight bytes written to the auxiliary port. After 
the Load command is written to the Command 
register, the Auxiliary Port Flag (AFLG) goes 
active (Low) and the corresponding bit in the 
Status register (S2) becomes 1, indicating that 
the device is able to accept key bytes at the 
auxiliary port pins. Additionally, the Com- 
mand Pending bit (Sg) becomes 1 during the 
entire loading process. 


Each byte is written to its respective key 
register by placing an active Low signal on the 
Auxiliary Port Strobe (ASTB) once data has 
been set up on the auxiliary port pins. The 
actual write process occurs on the rising (trail- 
ing) edge of ASTB. (See Switching Character- 
istics section for exact setup, strobe width, and 
hold times.) 

The Auxiliary Port Flag (AFLG) goes inac- 
tive immediately after the eighth strobe goes 
active (Low). However, the Command Pending 
bit (Sg) remains 1 for several more clock 
cycles, until the key loading process is com- 
pleted. All key bytes are checked for correct 
(odd) parity as they are entered. 


Load Clear E Key Through Master Port 
(11H). 
Load Clear D Key Through Master Port 
(12H). 

These commands are available in both 
Multiplexed Control and Direct Control 
modes. They override the data flow specifica- 
tions set in the Mode register and attach the 
master port inputs to the Encrypt (E) Key or 
Decrypt (D) Key register, as appropriate, until 
eight key bytes have been written. In 
Multiplexed Control mode, the command is 
initiated by writing the Load command to the 
Command register. In Direct Control mode, 
the command is initiated by raising the = 
AUX7-K/D control input while the AUXs-S/S 
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input is Low. In this latter case, the level on 
AUX,-E/D determines which key register is 
written (High = E register). 

Once the command has been recognized, 
the Command Pending bit (Sg in the Status 
register) becomes 1. In Direct Control mode, 
AUX3-CP goes active (Low), indicating that 
key entry may proceed. The host system then 
writes exactly eight bytes to the master port (at 
the Input register address in Multiplexed Con- 
trol mode). When the key register has been 
loaded, the Command Pending bit returns to 
O. In Direct Control mode, the AUX3-CP out- 
put goes inactive, indicating that the DCP can 
accept the next command. 


Load Encrypted E Key Through Auxiliary 
Port (B1H). 
Load Encrypted D Key Through Auxiliary 
Port (B2H). 

These commands are used in Multiplexed 
Control mode only. Their execution is similar 
to that of the Load Clear E (D) Key Through 
Auxiliary Port command, except that key bytes 
are first decrypted using the electronic code 
book algorithm and the Master (M) Key 
register. The key bytes are then loaded into 
the appropriate key register, after having 
passed through the parity-check logic. 

The Command Pending bit (Sg) is 1 during 
the entire decrypt-and-load operation. In addi- 
tion, the Busy bit (Ss) is 1 during the actual 
decryption process. 


Load Encrypted E Key Through Master Port 
(31H). 
Load Encrypted D Key Through Master Port 
(32H). 

These commands are used in Multiplexed 
Control mode only. Their execution is similar 
in effect to that of the Load Clear E (D) Key 
Through Master Port command. The commands 
differ in that key bytes are initially decrypted 
using the electronic code book algorithm and 
the Master (M) Key register. Once decrypted, 
they are loaded byte-by-byte into the target 
key register, after having passed through the 
parity-check logic. 

The command pending bit (Sg) is 1 during 
the entire decrypt-and-load operation. In addi- 
tion, the busy bit (Ss) is 1 during the actual 
decryption process. 


Load Clear IVE Register Through 
Master Port (85H) 
Load Clear IVD Register Through 
Master Port (84H) 

These commands are used in Multiplexed 
Control mode only. Their execution is virtually 
identical to that of the Load Clear E (or D) Key 
Through Master Port command. The commands 
differ in that the data written to the input 
register address is routed to either the Encryp- 
tion Initializing Vector (IVE) or Decryption 
Initializing Vector (IVD) register instead of a 
key register. No parity checking occurs. The 


Command Pending bit (Sg) is 1 during the 
entire loading process. 


Load Encrypted IVE Register Through 
Master Port (A5H). 
Load Encrypted IVD Register Through 
Master Port (A4H). 

These commands are analogous to the Load 
Encrypted E (or D) Key Through Master Port 
command. The data flow specifications set in 
the Mode register are overridden and the eight 
vector bytes are decrypted using the Decryp- 
tion (D) Key register and the electronic code 
book algorithm. The resulting clear vector 
bytes are loaded into the target Initializing 
Vector register. No parity checking occurs. 
The Busy bit (Ss) does not become | during 
the decryption process, but the Command 
Pending bit (Sg) is 1 during the entire 
decryption-and-load operation. 


Read Clear IVE Register Through 
Master Port (8DH). 
Read Clear IVD Register Through 
Master Port (8CH). 

In the Multiplexed Control mode, these com- 
mands override the data tlow specifications 
set in the Mode register and connect the 
appropriate Initializing Vector register to the 
master port at the Output register address. In 
this state, each IV register appears as eight 
bytes of FIFO storage. The first byte of data is 
available six clocks after loading the Com- 
mand register. The Command Pending bit in 
the Status register remains a 1 until sometime 
after the eighth byte is read out. The host 
system is responsible for reading exactly eight 
bytes. 


Read Encrypted IVE Register Through 
Master Port (A9H). 
Read Encrypted IVD Register Through 
Master Port (A8H). 

In the Multiplexed Control mode only, these 
commands override the specifications set in 
the Mode register and encrypt the contents of 
the specified Initializing Vector register using 
the electronic code book algorithm and the 
Encrypt (E) key. The resulting cipher text is 
placed in the output register, where it can be 
read as eight bytes through the master port. 
During the actual encryption process, the Busy 
bit (Ss) is 1. When the Busy bit becomes 0, the 
encrypted vector bytes are ready to be read 


‘out. The Command Pending bit (S¢) is 1 


during the entire encryption and output pro- 
cess; it becomes 0 when the eighth byte is read 
out. The host system is responsible for reading 
exactly eight bytes. 


Encrypt with Master (M) Key (39H). 


In the Multiplexed Control mode, this com- 
mand overrides the data flow specifications set 
in the Mode register and causes the DCP to 
accept eight bytes from the master port, which 
are written to the Input register. When eight 
bytes have been received, the DCP encrypts 


304 


Commands 
(Continued) 


Timing 


the input using the Master (M) Key register. 
The encrypted data is loaded into the Output 
register, where it can be read out through the 
master port. The Command Pending bit (Sg) 
and the Busy (Ss) bit are used as status 
indicators in the three phases of this operation. 

The Command Pending bit becomes 1 as 
soon as the Input register can accept data. 
When exactly eight bytes have been entered, 
the Busy bit becomes and remains | until the 
encryption process is complete. When Busy 
becomes 0, the encrypted data is available to 
be read out. The Command Pending bit 
returns to O when the eighth byte has been 
read. 

Start Encryption (41H) 
Start Decryption (40H) 
Start (COH). 

The three start commands begin normal data 
ciphering by setting the Status register’s 
Start/Stop bit (S7) to 1. The Start Encryption 
and Start Decryption commands explicitly 
specify the ciphering direction by forcing the 
Encrypt or Decrypt bit (M4) in the Mode 
register to 1 or 0, respectively. The Start com- 
mand, however, uses the current state of the 
Encrypt/Decrypt bit, as specified in a previous 
Mode register load. 

When a start command has been entered, 
the port status flag (MFLG or SFLG) asso- 
ciated with the Input register becomes active 
(Low), indicating that data may be written to 


The control and/or data signals and the 


Requirements timing requirements for clock/reset, Direct 


Control mode, Multiplexed Control mode 
(master port), master (slave) port read/write, 
and auxiliary port key entry functions are 
illustrated in Figures 8 through 12. The ac 
switching characteristics of the signals 
involved in the above functions are described 
in the AC Characteristics. The specific timing 
periods described are identified by numerics 
(1 through 48), which are referenced in both 
the timing diagrams and in the AC 
Characteristics. 

A two-to-seven character symbol is listed in 
AC Characteristics for each period described. 
The symbol specifies the signal(s) involved, the 
state of each signal, and optionally, the port 
associated with a signal. Symbols are encoded 
as follows: 


General Form: Ta Ab (Cb) 


Where: 
(1) T is a constant. 


(2) a represents any one of the following sym- 
bols: 


Symbol Meaning 


Cc Clock 
d Delay 
f Fall Time 


the Input register to begin ciphering. 

In Direct Control mode, the Start command 
is issued by raising the level on the AUXs-S/S 
input (Table 4). The ciphering direction 1s 
specified by the level on AUXg-E/D. If 
AUXg-E/D is High when AUXs-S/S goes High, 
the command is Start Encryption; if AUXg-E/D 
is Low, it is Start Decryption. 


Stop (EOH). 

The Stop command clears the Start/Stop bit 
(S7) in the Status register. This action causes 
the input flag (MFLG or SFLG) to become 
inactive and inhibits the loading of any further 
input into the algorithm unit. If ciphering is in 
progress [Busy bit (Ss) is 1 or AUX>-BSY is 
active], it is allowed to finish, and any data in 
the Output register remains accessible. 

In Direct Control mode, the Stop command 
is implied when the signal level on the 
AUXs-S/S input goes from High to Low 
(Table 4). 


Software Reset (00). 

This command has the same effect as a hard- 
ware reset (MAS and MDS Low): it forces the 
DCP back to its default configuration, and all 
processing flags go into Inactive mode. The 
default configuration includes setting the Mode 
register to Electronic Code Book ciphering 
mode and establishes a dual-port configuration 
with master port clear and slave port 
encrypted. 


h Hold Time 
r Rise Time 
S setup Time 
Ww Width 
(3) A,C represent any of the following signal 


names: 


Symbol Signal Name 
A Address Strobe 
B BSY, Busy 
C Clock 
D* Data In or the address 
at the master port. 
E E/D, Enable/Disable 
F* Flag (MFLG, SFLG, or 
(AFLG) > 
G* Data Strobe (MDS, 
SDS, or ASTB) 
K K/D, Key/Data 
M C/K, Control/Key 
Mode 
N S/S, Start/Stop 
P PAR, Parity 
Q* Data Out (master or 
_ slave port) 
R CP, Clock Pulse 
S* Chip Select (master or 
slave port) 
W MR/W, Master Port 


read/write 
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Timing (4) b represents any one of the For example: D1 specifies data 


Requirements following signal state descrip- in at Master Port; F2 specifies 
(Continued) tors (symbol). Slave Port flag-SFLG. 
Symbol State Indicated 

h High 

l] Low 

v Valid 

x Invalid oe 

z High Impedance 6) 


*These signal names may be 


modified by the following op- sc 
tional numeric port identifiers: Ee, aetna 
Identifier Port NDS Co. 
] Master Port 
: peak ee Dart Figure 8. Clock and Reset 
AC Number Symbol Parameter Min Max Notes* t 
Switching 
Character- Clock 
istics ] TwCh Clock Width (High) 105 
2 TwCl Clock Width (Low) 105 
3 TcC Clock Cycle Time 250 
__ Ss Reset 
4 —— TdG1l(Glh) —— MDS+*MAS Low to MDS*MAS High TC 
(Reset Pulse Width) 
5 TdC(Glh) Clock High to MDS*MAS High 0 50 
| Direct Control Mode 
6 TsN1(Mh) S/S Low to C/K High (Setup) 2TC 
7 TsK1(Mh) ——— K/D Low to C/K High (Setup) ——————— 2TC. 
8 TdMh(Nh) C/K High to S/S high ATC 
9 TdMh(Kh) C/K High to K/D High 4TC 
10 TsEv(Kh) E/D Valid to K/D High (Setup) 2TC 
11—— TdKh(R1) K/D High to CP Low ——————————-—_—_——. 200 
12 ThK1(Ex) K/D Low to E/D Invalid (Hold) TC 
13 TdCl(Nh) Clock Low to S/S Valid 20 80 
14 TsEv(Hn) E/D Valid to S/S High (Setup) 2TC 
15 —— TdNh(F1l) ——— S/S High to MFLG (SFLG) Low —————-—-— 230 
(Port Input Flag) 
16 TdCh(F11) Clock High to MFLG (SFLG) Low 230 ] 
(Port Input Flag) 
17 TdCh(B1) Clock High to BSY Low 300 
18 —— TdCl(Bh) Block Low to BSY High —_——-__-_____- 220 
19 TdCh(F11) Clock High to MFLG (SFLG) Low 230 
(Port Output Flag) 
20 TdNI(Flh) S/S Low to MFLG (SFLG) High 230 2 


(Port Input Flag) 
Multiplexed Control Mode — Master Port 


21 TwAl MAS Width (Low) 80 

22.  TdWv(Ah) MR/W Valid toe MAS High 40 

23 TsS11(Ah) MCS Low to MAS High (Setup) ) 

24 ~——ThAh(S1h) ——— MAS High to MCS High (Hold) 60 

25 TsD1 v(Ah) Address-In Valid to MAS High 55 
(Address Setup Time) 

26 ThAh(D1x) MAS High to Address-In Invalid 60 
(Address Hold Time) 


* Notes referenced at end of AC Characteristics table. 


306 2080-009 


AC Number Symbol Parameter Min Max Notes* { 


Switching 
Character- Master (Slave) Port Read/Write 
istics a | TdS1l(G1)) MCS (SCS) Low to MDS (SDS) Low 70 
(Continued) 28 ThG1h(S1h) MDS (SDS) High to MCS (SCS) High 0 3 
(Select Hold Time) 
29 TsWv(G1l) MR/W Valid to MDS Low (Setup) 70 
30 —— ThG1h(Hwx) —— MDS High to MR/W Invalid (Hold) -———— 0 —— 
3] TwG1l(Glh) MDS (SDS) Low to MDS (SDS) High 
Width—Write Data Read 125 
Width—Status Register Read 155 
32 —— TdCl(Glh) —— Clock Low to MDS (SDS) High —--———— 20 ————— 70 
33 TdGlh(HGI) MDS (SDS) High to MDS (SDS) Low 125 
(Data Strobe Recovery Time) 
34 TsD1r(H1h) Write-Data Valid to MDS (SDS) High 
Setup Time—Key Load 200 
———___—____—_—_§———. Setup Time—Data Write —————————- 100 
Setup Time—Command/Mode 100 
Register Write 
35 ThG1lh(D1x) MDS (SDS) High to Wnite-Data 40 
Invalid (Hold Time—All Writes) 
36 —— TdG1l(Qlv) MDS (SDS) Low to Read-Data Valid 
Read Access Time—Status Register 155 
Read Access Time—Data 120 
37 ThG1h(Q1x) MDS (SDS) High to Read-Data Invalid 5 80 
(Read Hold Time) 
38 —— TdG1l(Flh) MDS (SDS) Low to MFLG (SFLG) ———-————- 125 -_____ 4 ——_ 
High (Last Strobe) 
39 TdG1l(Bh) MDS High to CP High TC + 280 
(Last Strobe, Key Load) 
40 ThG1(HNI) MDS (SDS) High to S/S Low 3TC 
(Hold Time After Last Input Strobe) 
4] TdG1(HPv) MDS High to PAR Valid (Key Write) 200 
* Notes referenced at end of AC Characteristics table 
CLK 
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Figure 9. Control and Status Signals (Direct Control Mode) 
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AC Number Symbol Parameter Min Max Notes* { 


Switching 
Character- Auxiliary Port Key Entry 
istics 42 TwG3 ASTB Low to ASTB High (Width) 160 
(Continued) 43 TdCl(G3h) Clock Low to ASTB High 20 70 
44 TdG3h(G31) ASTB High to Next ASTB Low 125 
(Recovery Time) 
45 TsD3v(G3h) Write-Data Valid to ASTB High 200 
(Data Setup Time) 
46 ThG3h(D3x) ASTB High to Write-Data Invalid 40 
(Data Hold Time) 
47 TdG3h(Pr) ASTB High to PAR Valid 200 
48 TdG31(F3h) ASTB Low to AFLG High 230 
(Last Strobe) 
NOTES: 
* All transition times are assumed to be s 20 ns 3. Direct Control mode only. 
+ All units in nanoseconds (ns). All timings are 4. In Cipher Feedback mode, the port flag (MFLG or 
preliminary and subject to change. SFLG) goes inactive following the leading edge of the 
1, Parameter TaCh(F11) applies to all input blocks ex- first data strobe (MDS or SDS); 1n all other modes and 
cept the first (when S/S first goes High). operatiaqns, the flags go inactive on the eighth data 
2. When S/S goes inactive (Low) 1n Direct Control strobe. 


mode, the flag associated with the input port turns off. 


CLK 
® 
MAS 
—— (23) Gi) 
us ead 
® <—>+-@ 


Figure 10. Master Port, Multiplexed Control Mode Read/Write Timing 
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Figure 12. Auxiliary Port Key Entry 
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Ordering Product Package/ Product Package/ 
Information Number Temp. Speed Description Number Temp. Speed Description 

Z8068 CE 4.0 MHz DCP (40-pin) Z8068 PE 4.0 MHz DCP (40-pin) 
Z8068 DE 4.0 MHz Same as above Z8068 PS 4.0 MHz 


Same as above 
Z8068 DS 4.0 MHz Same as above 


NOTES: C = Ceramic, D = Cerdip, P = Plastic; E = -40°C toE = +85°C,S = 0°C to 70°C. 
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28070 Floating-Point 
Software Emulation 
Package 


Uf 


Zilog 


Product 
Brief 


June 1982 


Features 


General 
Description 


Instruction 
Set 


m@ Provides high-quality, floating-point 
arithmetic capability. 


m Executes the same instruction set and sup- 
ports the same architecture as Zilog’s Z8070 
Arithmetic Processing Unit (APU). The same 
application software can use this emulation 
package or the Z8070 APU without 


modification. 


The Floating-Point Software Emulator 
Package provides floating-point arithmetic 
capability for any of Zilog’s Z8000 series CPUs. 
Floating-point instructions are coded using the 
Extended Processing Architecture opcodes of 
the Z8000. 

When the CPU encounters an EPU instruc- 
tion and the Floating-Point Emulator is used, a 
CPU Extended Instruction trap occurs and a 
link is made to the emulation package. Con- 
versely, when a Z8070 APU is used, no trap 
occurs and the instructions are directly ex- 
ecuted by the APU. 

Floating-point arithmetic operations are per- 
formed according to the requirements of the 
proposed IEEE Standard P754 Draft 9.0. This 
standard provides for: 


The floating-point instruction set consists of the 
following instructions: 


Primary Arithmetic Operations 
@ Addition 

@ Subtraction 

B Multiplication 

@ Division 

@ Square root 


m@ Remainder step 


m Provides routines for the conversion of 
binary integer and Binary Coded Decimal 
(BCD) to and from floating-point formats. 


™@ Conforms to the proposed IEEE Standard 
P754 Draft 9.0 for binary floating-point 
arithmetic. 


M Single (32-bit), Double (64-bit), and 
Extended (80-bit) precision floating-point 
number formats 


m Addition, subtraction, multiplication, divi- 
sion, square-root, remainder and compare 
operations 


m Conversions between different floating-point 
formats 


m Conversions between binary integers and 
floating-point numbers 


@ Non-numbers (NaNs) and infinity arithmetic 


m@ Floating-point exceptions and their handl- 
ing. 


Load And Store Operations 
@ Floating point 
m BCD integer 


@ Binary integer (either rounded or truncated) 


Wu Wiog HureolLy OL08Z 


Instruction 
Set 


Compare and Examine Operations 


@ Round to floating integer 


m Compare m Negate 
(Continued) 
m Compare and raise exception if unordered m Truncate to integer 
m Compare and transfer status to the CPU’s C 10 
Flag and Control Word (FCW) Sniro So peranen 
m@ Compare, transfer status to FCW, and raise m Floating-point load and store control 
exception if unordered m Transfer selected floating-point flags to 
m™ Compare with zero and transfer to FCW FCW 
m™ Compare with zero, transfer to FCW and m Clear floating-point flags 
raise exception if unordered m@ Clear floating-point trap enables 
@ Set floating-point flags 
Secondary Arithmetic Operation ad 2 
M Set floating-point modes 
m Load absolute value . 
ri M Set floating-point trap enables 
ear 
Data Types = The Floating-Point Emulator Software supports 


the following data types: 


3130 23 22 0 
s | EXPONENT SIGNIFICAND 
t Single Precision Binary (32 bits) 
SIGN BIT 
63 62 52 51 


i) 


is EXPONENT SIGNIFICAND 


Double Precision Binary (64 bits) 


79 78 64 63 


0 


| EXPONENT SIGNIFICAND 


Double Extended Precision Binary (80 bits) 


79 
S| 19 BCD DIGITS 


0 


Decimai Integer (19 BCD digits) 


°o 


Binary Integer (32 and 64 bit two’s complement integers) 
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28090 
Z8000"Z-UPC Universal 
Peripheral Controller 


VY Product 


iy i 
Zilog Specification 
June 1982 
Features m@ Complete slave microcomputer, for M@ Six levels of priority interrupts from eight 
distributed processing Z-BUS use. sources: six external sources and two inter- 
@ 2K bytes of on-chip ROM. nal sources. 
M 256-byte register file, accessible by both the @ Iwo programmable 8-bit counter/timers 
master CPU and Z-UPC, using a fail-safe each with a 6-bit prescaler. Counter/Timer 


TO is driven by an internal source, and 
Counter/Timer Tl can be driven by internal 
or external sources. Both counter/timers are 
independent of program execution. 


message-passing protocol. 


m@ Three programmable I/O ports, two with 
optional 2-Wire Handshake. 


@ Z8 architecture and instruction set. 


General The Z8090 Universal Peripheral Controller microcomputer architecture and instruction 

Description (Z-UPC) is an intelligent peripheral controller set, the Z-UPC contains 2K bytes of internal 
for distributed processing applications (Figure program ROM, a 256-byte register file, three 
3). The Z-UPC unburdens the host processor 8-bit I/O ports, and two counter/timers. 
by assuming tasks traditionally done by the The Z-UPC offers fast execution time; an 
host (or by added hardware), such as perform- effective use of memory; and sophisticated 
ing arithmetic, translating or formatting data, interrupt, I/O, and bit manipulation. Using a 
and controlling I/O devices. Based on the Z8 powerful and extensive instruction set 


+5V[1 40] P3; 
ADDRESS/ POLK 2 391] Pe 
DATA BUS PORT 1 IEO OR P37["]3 38 [J P2, 


IEI OR P3o[_] 4 37 [] P2, 
INT OR P35 (15 36 [LJ P2s 


INTACK OR P32] _16 351 | P24 


BUS DS|_J|7 34] | P23 
TIMING RIW[ ]8 33] ] P22 
AND RESET PORT 3 AS[]9 321 J P21 
cs[}10 311°] P29 

CONTROL GND[J11 307 J P33 
WAIT [_}12 297] P3, 


AD7[_] 13 284 5 Piz 
MASTER | ——+»] iNTACK OR P32 


—_ 
INTERRUPT i PORT 2 ADs(_]15 26[ J Pts 
ADs L116 251 | Pt, 
AD3[_117 24 | Pts 
+5 V ——> 
ADo|_}18 237 J Pt2 
PCLK ———p»> 
AD;{_J19 227 1 Pt, 


GND ——> 
ADo L_]}20 217 I Pto 


Figure 1. Pin Functions Figure 2. Pin Assignments 
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General combined with an efficient internal addressing three 8-line ports, they can be programmed in 

Description scheme, the Z-UPC speeds program execution many combinations of input or output lines, 

(Continued) and efficiently packs program code into the with or without handshake, and with push-pull 
: on-chip ROM. or open-drain outputs. Ports 1 and 2 are bit- 

An important feature of the Z-UPC is an programmable; Port 3 has four fixed inputs 
internal register file containing I/O port and and four outputs. 
control registers accessed both by the Z-UPC To relieve software from coping with real- 
program and by its associated master CPU. time counting and timing problems, the Z-UPC 
The architecture results in both byte and pro- has two 8-bit hardware counter/timers, each 
gramming efficiency, because Z-UPC instruc- with a fixed divide-by-four, and a 6-bit pro- 
tions can operate directly on I/O data without grammable prescaler. Various counting modes 
moving it to and from an accumulator. Such a may be selected. 
structure allows the user to allocate as many In addition to the 40-pin standard configura- 
general-purpose registers as the application tion, the Z-UPC is available in four special 
requires for data buffers between the CPU and configurations: 
peripheral devices. All general-purpose m A 64-pin RAM development version with 
registers can be used as address pointers, , 
external interface for up to 4K bytes of RAM 
index registers, data buffers, or stack space. ae 

ne and 36 bytes of internal ROM permitting 

The register file is logically divided into 16 
; down-loading from the master CPU. 

groups, each consisting of 16 working 
registers. A Register Pointer is used in con- m A Protopack RAM version with a socket for 
junction with short format instructions, up to 2K bytes of RAM, with 36 bytes of 
resulting in tight, fast code and easy task internal ROM permitting down-loading from 
switching. the master CPU. 

Communication between the master CPU mw A 64-pin ROM development version with 
and the register file takes place via one group external interface for up to 4K bytes of ROM 
of 19 interface registers addressed directly by and no internal ROM. 
both the master CPU and the Z-UPC, or via a 
block transfer mechanism. Access by the 7 pe preiees ace bes 7 ie for 
master CPU is controlled by the Z-UPC to bas eee eae ; 
allow independence between the master CPU This range of versions and configurations 
and Z-UPC software. makes the Z-UPC compatible with most system 

The Z-UPC has 24 pins that can be dedi- peripheral device control considerations. 
cated to I/O functions. Grouped logically into 

aTeae ice 2-UPC MICROCOMPUTER nas 
| Dee Bee all 
NTERFACE | MEMORY COUNTER ; uo 
ADp-AD7 =) earhESSTERS. | 2K x 8 AND CONTROL nae 
FILE) 
HANDSHAKE 
iy cae | — 
| 
| INTERNAL INSTRUCTION BUS 
| 
a | 
wet Samal) oe ot Een 
7 eet s CONTROL | ow 
- — E 
2 TIMERS REGISTER 
FILE 
256 x 8 
HANDSHAKE 
Ls ce es i 4 0 
INT INTERNAL DATA BUS 
INTACK ——> | 
{el —> | 
IEO Z-BUS | ALU UPC 
ined oer | | 
(vO FUNCTION t 
orem, +5V GND PCLK 
Figure 3. Functional Block Diagram 
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Pin 
Description 


AD)-ADy7. Z-Bus Address/Data Lines (bidirec- 
tional). These multiplexed address and data 
lines are used to transfer information between 
the master CPU and the slave Z-UPC. 


AS. Address Strobe (input, active Low). The 
rising edge of AS initiates the beginning of a 
transaction and indicates that the Address, 
Status, R/W, and CS signals must be valid. 


PCLK. Clock (input). TTL-compatible clock 
input, 4 MHz maximum. This signal does not 
need to be related to the master CPU clock. 


CS. Chip Select (input, active Low). A Low on 
this line during the rising edge of AS enables 
the Z-UPC to accept address or data informa- 
tion from the bus during a master CPU write 
cycle or to transmit data to the bus during a 
read cycle. 


DS. Data Strobe (input, active Low). DS 
provides timing for data movement to the bus 
master. A simultaneous Low on AS and DS 


resets the Z-UPC. It is held in reset as long as 
DS is Low. 


Plo-Ply, P29-P27, P39-P3y7. J/O Port Lines 
(inputs/outputs, TTL-compatible). These 24 
lines are divided into three 8-bit I/O ports and 
may be configured in the following ways under 
program control: 


Plo-Ply. Port J (input/output—as output it can 
be push-pull or open-drain). Bit-programmable 
Parallel I/O. 


P29-P27. Port 2 (input/output—as output, it can 
be push-pull or open-drain). Bit-programmable 
Parallel I/O. 


P39-P37. Port 3 (four inputs, four outputs). 
Parallel I/O, handshake control, timer I/O, or 
interrupt control. 


R/W. Read/Write (input). This status signal 
indicates that the master CPU is executing a 
Read cycle if High, and a Write cycle if Low. 


WAIT. Wait (output, active Low, open-drain). 
When the CPU accesses the Z-UPC register 
file, this signal requests the master CPU to 
wait until the Z-UPC can complete its part of 
the transaction. 


Functional 
Description 


2017-001, 002 


Address Space. On the 40-pin Z-UPC, all 
address space is committed to on-chip 
memory. There are 2048 bytes of mask- 
programmed ROM and 256 bytes of register 
file. I/O is memory-mapped to three registers 
in the register file. Only the Protopack and 
64-pin versions of the Z-UPC can access exter- 
nal program memory. See the section entitled 
“Special Configurations” for complete descrip- 
tions of the Protopack and 64-pin versions. 


Program Memory. Figure 4 is a map of the 2K 
on-chip program ROM. Even though the archi- 
tecture allows addresses from 0 to 4K, behav- 
ior of the device above program address 2047 
(7FFH) is not defined. The first 12 bytes of pro- 
gram memory are reserved for the Z-UPC 
interrupt vectors. For the Protopack and 64-pin 
versions, the address space is extended to 4096 
bytes. In the RAM versions, addresses OCH 
through 2FH are reserved for on-chip ROM. 


2047 
LOCATION OF 

FIRST BYTE OF 

INSTRUCTION 

EXECUTED AFTER 

RESET > 


2s 


Figure 4. Program Memory Map 


Register File. This 256-byte file includes three 
I/O port registers (1-3H), 234 general-purpose 
registers (6-EEH), and 19 control, status 

and special I/O registers (OH, 4H, 5H, and 
FO-FFH). The functions and mnemonics 
assigned to these register address locations are 
shown in Figure 5. Of the 256 Z-UPC registers, 
19 can be directly accessed by the master 
CPU; the others are accessed indirectly via the 
block transfer mechanism. 


IDENTIFIER 
(UPC Side) 


SP 


LOCATION 
FFH 
FEH 
FDH 
FCH 
FBH 
FAH 
FOH 
F8H 
F7H 
F6H 
F5H 
F4H 
F3H 
F2H 
F1H 
FOH 
EFH 


GENERAL-PURPOSE REGISTERS 


Figure 5. Register File Organization 
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The I/O port and control registers are 
included in the register file without differen- 
tiation. This allows any Z-UPC instruction to 
process I/O or control information, thereby 
eliminating the need for special I/O and con- 
trol instructions. All general-purpose registers 
can function as accumulators, address 
pointers, or index registers. In instruction exe- 
cution, the registers are read when they are 
defined as sources and written when defined as 
destinations. 

Z-UPC instructions may access registers 
directly or indirectly using an 8-bit address 
mode or a 4-bit address mode and a Register 
Pointer. For the 4-bit addressing mode, the file 
is divided into 16 working register groups, 
each occupying 16 contiguous locations 
(Figure 6). The Register Pointer (RP) 
addresses the starting point of the active 
working-register group, and the 4-bit register 
designator supplied by the instruction specifies 
the register within the group. Any instruction 
altering the contents of the register file can 
also alter the Register Pointer. The Z-UPC in- 
struction set also has a special Set Register 
Pointer (SRP) instruction for initializing or 
altering the pointer contents. 


Stacks. An 8-bit Stack Pointer (SP), register 
R255, is used for addressing the stack, 
residing within the 234 general-purpose 
registers, address location 6H through EFH. 
PUSH and POP instructions can save and 
restore any register in the register file on the 
stack. During CALL instructions, the Program 
Counter is automatically saved on the stack. 
During Z-UPC interrupt cycles, the Program 
Counter and the Flag register are automati- 
cally saved on the stack. The RET and IRET 
instructions pop the saved values of the Pro- 
gram Counter and Flag régister. 


FFH 
FDH 


Ports. The Z-UPC has 24 lines dedicated to 
input and output. These are grouped into three 
ports of eight lines each and can be con- 
figured under software control as inputs, out- 
puts, or special control signals. They can be 
programmed to provide Parallel I/O with or 
without handshake and timing signals. All out- 
puts can have active pullups and pulldowns, 
compatible with TTL loads. In addition, they 
may be configured as open-drain outputs. 


Port 1. Individual bits of Port 1 can be con- 
figured as input or output by programming 
Port 1 Mode register (P1M) F8H. This port 1s 
accessed by the Z-UPC program as general 
register 1H. It is written by specifying address 
1H as the destination of any instruction used to 
store data 1n the output register. The port 1s 
read by specifying address 1H as the source of 
an instruction. 

Port 1 may be placed under handshake con- 
trol by programming Port 3 Mode register 
(P3M) F7H. This configures Port 3 pins P33 
and P34 as handshake control lines DAV, and 
RDY}) for input handshake, or RDY, and DAV] 
for output handshake, as determined by the 
direction (input or output) assigned to bit 7 of 
Port 1. The Port 3 Mode register also has a bit 
that programs Port 1 for open-drain output. 


Port 2. Individual bits of Port 2 can be con- 
figured as inputs or outputs by programming 
Port 2 Mode register (P2M) F6H. This port is 
accessed by the Z-UPC program as general 
register 2H, and its functions and methods of 
programming are the same as those of Port 1. 
Port 3 pins P3) and P3g are the handshake 
lines DAV2 and RDY9, with the direction (input 
or output) determined by the state of bit 7 of 
the port. The Port 3 Mode register also has a 
bit used to program Port 2 for open-drain 
output. 


FOH Function Line Direction Signal 
EFH ———— 
ee P3) In. DAV>/RDY> 
ft P33 In: DAV\/RDY) 
ee Ranasen® \ P34 Out RDY,/DAV 
—— 7 ee ees 
nes Z-UPC Inmet [pn TRG: 
Regucee 401 In IRQ) 
a P33 In_—IRQ) 

THE 4-BIT REGISTER Ee eta tts THE POWER RIBBLE Counter/Timer { P3) In TIN 
eee Te Sooness rong Pa Out’ Tour 
ore ae nese INSTRUCTION Pa, Out INT 

2 n 
Master CPU P39 In IEI 
P37 Out IEO 
Test Mode P3s Out AS 


*P39, P31], and P33 can always be used as UPC interrupt 
request inputs, regardless of the configuration 
programmed. 


Figure 6. Register Pointer Mechanism Table 1. Port 3 Control Functions 
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Functional 
Description 
(Continued) 


Port 3. This port can be configured as I/O or 
control lines by programming the Port 3 Mode 
register. Port 3 is accessed as general register 
3H. The directions of the eight data lines are 
fixed. Four lines, P39 through P33, are inputs, 
and the other four, P34 through P37, are out- 
puts. The control functions performed by Port 
3 are listed in Table 1. 


Counter/Timers. The Z-UPC contains two 
8-bit programmable counter/timers, each 
driven by an internal 6-bit programmable 
prescaler. 

The Tl prescaler can be driven by internal 
or external clock sources. The TO prescaler 1s 
driven by an internal clock source. Both 
counter/timers operate independently of the 
processor instruction sequence to relieve the 
program from time-critical operations like 
event counting or elapsed-time calculation. TO 
Prescaler register (PREQ) F5H and T1 Pre- 
scaler register (PRE]1) F3H can be programmed 
to divide the input frequency of the source 
being counted by any number from | to 64. A 
Counter register (F2H or F4H) is loaded with a 
number from | to 256. The corresponding 
counter 1s decremented from this number each 
time the prescaler reaches end-of-count. When 
the count 1s complete, the counter issues a 
timer interrupt request; IRQ, for TO or IRQs 
for Tl. Loading either counter with a number 
(n) results in the interruption of the Z-UPC at 
the nth count. 

The counters can be started, stopped, 
restarted to continue, or restarted from the in1- 
tial value. They can be programmed to stop 
upon reaching end-of-count (Single-Pass 
mode) or to automatically reload the initial 
value and continue counting (Modulo-n Con- 
tinuous mode). The counters and prescalers 
can be read at any time without disturbing 
their values or changing their counts. The 
clock sources for both timers can be defined as 
any one of the following: 


m Z-UPC internal clock (4 MHz maximum) 
divided by four. 


m@ External clock input to Counter/Timer T1 
via P3, (1 MHz maximum). 


® Retriggerable trigger input for the Z-UPC 
internal clock divided by four. 


@ Nonretriggerable trigger input for the 
Z-UPC internal clock divided by four. 


m External gate input for the Z-UPC internal 
clock divided by four. 


Interrupts. The Z-UPC allows six interrupts 
from eight different sources as follows: 


@ Port 3 lines P39, P32, and P33. 
@ The master CPU(3). 
m The two counter/timers. 


These interrupts can be masked and globally 
enabled or disabled using Interrupt Mask 
Register (IMR) FBH. Interrupt Priority Register 
(IPR) F9H specifies the order of their priority. 
All Z-UPC interrupts are vectored. 

Table 2 lists the Z-UPC’s interrupt sources, 
their types, and their vector locations in pro- 
gram ROM. Interrupt Request IRQpo 1s 
dedicated to master CPU communications. 
Interrupt Requests IRQ), IRQ2, and IRQ3 are 
generated on the falling transitions of external 
inputs P33, P3), and P3o. Interrupt Requests 
IRQ, and IRQs are generated upon the timeout 
of the Z-UPC’s two counter/timers. When an 
interrupt request is granted, the Z-UPC enters 
an interrupt machine cycle. This cycle disables 
all subsequent interrupts, saves the Program 
Counter and status flags, and branches to the 
program memory vector location reserved for 
that interrupt. This memory location and the 
next byte contain the address of the interrupt 
service routine for that particular interrupt 
request. 

The Z-UPC also supports polled systems. To 
accommodate a polled structure, any or all of 
the interrupt inputs can be masked and the 
Interrupt Request register polled to determine 
which of the interrupt requests needs service. 

Following any hardware reset operation, an 
EI instruction must be executed to enable the 
setting of any interrupt request bit in the IRQ 
register. Interrupts must be disabled prior to 
changing the content of either the IPR (F9H) 
or the IMR (FBH). DI is the only instruction 
that should be used to globally disable 
interrupts. 


Vector 
Name Source Location Comments 
IRQo EOM, XERR, LERR Oj Internal (RO Bits 0, 1, 2) 
IRQ) DAV}, IRQ; 2,3 External (P33) | Edge Triggered 
IRQ, DAV», TRQ>, Tin 4,5 External (P3)) | Edge Triggered 
IRQO3 IRQ3, IEI 6,7 External (P39) | Edge Triggered 
IRQ, TO 8,9 Internal 
TROs Tl 10,11 Internal 


Table 2. Interrupt Types, Sources, and Vector Locations 
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Master CPU Register File Access. There are 
two ways in which the master CPU can access 
the Z-UPC register file: direct access and 
block access. 


Direct Access. Three Z-UPC registers—the 
Data Transfer Control (OH), the Master Inter- 
rupt Vector (FOH), and the Master Interrupt 
Control (FEH)—are mapped directly into the 
master CPU address space. The master CPU 
accesses these registers via the addresses 
shown in Table 3. 

The master CPU also has direct access to 16 
registers known as the DSC (Data, Status, 
Command) registers. The DSC Registers are 
numbered 0 through F (DSCO-DSCF). These 
registers can be any 16 contiguous register file 
registers beginning on a 16-byte boundary. 
The base address of the DSC register group is 
designated by the IRP (I/O Register Pointer), 
which is bits D4-Dz7 of the Data Transfer Con- 
trol register (OH). Figure 7 shows how the 
register address is made up of the 4-bit IRP 
field, concatenated with the low order 4-bits of 
the address from the master CPU. 


Block Access. The master CPU may transmit 
or receive blocks of data via address xxx10101 
(xxl0101x shifted). When the master CPU 
accesses this address, the Z-UPC register 
pointed to by the Data Indirection register is 


DTC REGISTER (OH) 
IRP 


TED 
[7] Be | Bs [Ds [3] Bs | Ds |p| 


ADDRESS FROM CPU 
[arTas]as [As] As] a2] A: [a0] [Tae] as] as As] te] sao) 
NON SHIFTED 


SHIFTED 


[Rr] Re | Rs | Re | Ra] Re | Rr | Ro 


ait 


Figure 7. DCS Register Addressing Scheme 


read or written. The Data Indirection register 
is incremented, and the Limit Count register is 
decremented, for example, when the master 
CPU issues a read or write to address 
xxxl10101 while the Data Indirection register 
contains the value 33H. The operation causes 
register 33H to be read or written and the Data 
Indirection register to be incremented to 34H. 

The Limit Count register (04H) is decre- 
mented and is used to control the number of 
bytes to be transferred by master CPU block 
accesses. If the master CPU attempts a read or 
write to the Z-UPC after the Limit Count 
register reaches 0, the access is not com- 
pleted, the LERR bit (D)) of the Data Transfer 
Control register is set (indicating a limit 
error), and the LERR error causes an IRQpo in- 
terrupt request. 

The IRP field of the Data Transfer Control 
register, the Data Indirection register, and the 
Limit Count register are not directly accessible 
to the master CPU and therefore must be set 
by the Z-UPC. This allows the Z-UPC to protect 


itself from master CPU errors and frees the 


master CPU from tracking the Z-UPC’s internal 


data layout. 


Z-UPC Address No-Shift Shift 
Decimal Hex Identifier Address Address 
0 OH DTC = xxx11000 = xx] 1000x 

5 5H DIND 

@5** @5H** xxxl0101 xxlOl0lx 
240 FOH MIV xxxl0000 xxl0000x 
254 FEH MIC xxxll110—sxx11110x 
n DSCO xxx00000 xx00000x 
n+1 DSC1 xxx00001 = xx00001x 
n+2 DSC2  xxx00010 xx00010x 
n+3 DSC3_ xxx0001] = xx00011x 
n+4 DSC4 xxx00100 xx00100x 
n+5 DSC5 xxx00101 = xx00101x 
n+6 DSC6 xxx00110 xx00110x 
n+7 DSC7 xxx00111 = xx0011llx 
n+8 DSC8 xxx01000 xx01000x 
n+9 DSC9 xxx01001 xx01001x 
n+10 DSCA xxx01010 xx01010x 
n+11 DSCB xxx01011 =xx01011x 
n+12 DSCC xxx01100 xx01100x 
n+13 DSCD xxx01101 = xx01101x 
n+14 DSCE xxx01110 = xx01110x 
n+15 DSCF xxx0l1ll1  xxOllllx 


x = don't care 
*n 1s the value in the IRP x 16 
**Master CPU accesses the register address in Register 5 


Table 3. Master CPU/Z-UPC Register Map 
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There are two Protopack and two 64-pin 
versions of the Z-UPC. These versions are 
identical to the 40-pin Z-UPC with the follow- 
ing exceptions: 


@ Internal ROM is totally omitted from the 
64-pin development and ROM Protopack 
versions. 


@ All but 36 bytes of internal ROM are omitted 
from the 64-pin RAM and Protopack RAM 
versions. 


@ The memory address and data lines are buf- 
fered and brought out to external pins or to 
the socket on the Protopack. 


@ Control lines for the external memory are 
also provided. 


The 64-pin version of the Z-UPC allows the 
user to prototype the system in hardware with 
an actual Z-UPC device and to develop the 
code intended to be mask-programmed into 
the on-chip ROM of the 40-pin Z-UPC for the 
production system. The 64-pin or Protopack 
RAM/ROM versions of the Z-UPC are extreme- 
ly versatile parts. Memory space can be 
extended to 4K bytes on the 64-pin version by 
using external RAM/ROM for all but 36 bytes 
of the Z-UPC’s memory space. This memory 
can then be down-loaded from the master CPU 
using a bootstrap program stored in the 36 
bytes (C-2F). Figure 8 is a memory map for 
the 64-pin RAM version. 


EXTERNAL 


P RAM MEMORY 
ROG MEMO RAM 


B M 


EXTERNAL 
RAM 


Z-UPC INTERRUPT 
VECTORS 


Figure 8. Z-UPC RAM Version Memory Map 


64-Pin and Protopack Pin Functions. Forty of 
the pins on the 64-pin and Protopack versions 
have functions identical to those of the 40-pin 
version. The remaining 24 pins have additional 
functions described below. (Figures 9 through 
11 show the 64-pin and Protopack versions’ pin 
functions and pin assignments.) 


Ap-A)}. Program Memory Address Lines (out- 
put). These lines are identical in all 64-pin and 
RAM versions in the Protopack. They are used 
to address 4K bytes of external Z-UPC memory. 


Do-Dy7. Program Data (input). Data is read in 
from the external memory on these lines. The 
RAM version also writes external memory 


‘through this bus. 


IACK. /nterrupt Acknowledge (output, active 
High). This signal is active whenever an inter- 
nal Z-UPC interrupt cycle is in process. 


ADDRESS/ 


DATA BUS PORT 1 
BUS 
TIMING 
AND RESET 
CONTROL cannes 
uipeeeigae INTACK OR P32 
1EI OR P3p 
IEO OR P37 
PORT 3 
EXTERNAL 
DATA 
EXT 
EXTERNAL ADD. 


CONTROL 


GND 


Figure 9. Z8091/Z8092 Z-UPC Pin Functions 
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Special MAS. Memory Address Strobe (output, active 
Configura- Low). This address strobe is pulsed once for 
tions each memory fetch to interface with quasi- 


(Continued) static RAM. 


MDS. Memory Data Strobe (output, active 
Low). This signal is Low during an instruction 
fetch or memory write. 


P34(] 1 64[]+5V 
P3¢(_] 2 63 [|_| PCLK 
P27(} 3 62 | ]P37/IEO 
P26] 4 61 | | P3p/tEl 
P25 [15 60 | | P3s/INT 


P2,[] 6 59 [_] P3o/INTACK 
P23[] 7 581]DS 
P22[_] 8 57|_|RIW 
P2, J 9 56 [JAS 
P20! 551_|CS 
P33 (] 11 54 [|WAIT 
P34 [_ 53 |_JAD7 
P17 [ 52 []ADe 
Pig[_| 51 |_JADs 
P15[] 50 LAD, 
Pig] 49 |_] AD3 
P13(] 48 ||GND 
Pi2[ |] 18 47 |_] AD 
P1,(] 19 46 [J AD, 
Pigf ] 20 45 |_|] ADo 
D7 {} 21 44[]SYNC 
Dg [| 22 437 ]MAS 
Ds [] 23 42 7|MDS 
Dal | 24 41 ] MRIWNACK 

Ao (j 25 40 []Do 
Ai{_]} 26 39] ]D; 
Ag {} 27 38 1 1D2 
A3[_] 28 37 [|_| D3 
A, [| 29 36 [An 
As[_} 30 351] Ato 
Ag [| 31 341] Ag 
A7(_] 32 331 Ag 


Figure 10. Z8091/Z8092 Z-UPC Pin Assignments 


MR/W. Memory Read/Write (output RAM 
versions only). This signal is High when the 
Z-UPC is fetching an instruction and Low when 
it is loading external memory. 


SYNC. Instruction Sync (output, active Low). 
This signal is Low during the clock cycle just 
preceding an opcode fetch. 


*SOCKET FOR 2716 EPROM (2K x 8) OR RAM 


Figure 11. Z8093/Z8094 Protopack Pin Assignments 


Addressing The following notation is used to describe the RR Register pair or working-register pair address 
Modes addressing modes and instruction operations as IRR Indirect register pair or indirect working-register 
shown in the instruction summary. pair address 
R Register or working-register address irr Indirect working-register pair only 
r Working-register address only X Indexed address 
IR Indirect-register or indirect working-register DA Direct address 
address RA Relative address 
Ir Indirect working-register address only IM Immediate 
Symbols dst Destination location or contents Assignment of a value is indicated by the symbol 
src Source location or contents ‘“—'' For example, 
cc Condition code (see list) dst — dst + src 
@ Indirect address prefix indicates that the source data is added to the 


SP Stack Pointer (control register FFH) 

PC Program Counter 

FLAGS Flag register (control register FCH) 

RP Register Pointer (control register FDH) 

IMR Interrupt Mask register (control register FBH) 


destination data and the result is stored in the 

destination location. The notation “addr(n)” is used 

to refer to bit “n’’ of a given location. For example, 
dst (7) 


refers to bit 7 of the destination operand. 


SE EI RL DL I IP SS EA SG SE TSO BOI EE I ILI EE IE TELE HEE EP PSE DB IE SEI YO LE TT TS PE ATS SSR ELE SLE ETE TETAS 
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Flags Control Register FCH contains the following six Attected flags are indicated by: 
flags: 0 Cleared to zero 
Cc Carry flag 1 Set to one 
Z Zero flag * Set or cleared according to operation 
Ss Sign flag — Unaffected 
Vv Overflow flag x Undefined 
D Decimal-adjust flag 
H Half-carry flag 
Condition Value Mnemonic Meaning Flags Set 
Codes 
1000 Always true — 
OLE C Carry Cesk 
1 NC No carry C =0 
0110 Z Zero Z =] 
1110 NZ Not zero Z =0 
1101 PL Plus S =0 
0101 MI Minus 5. Se) 
0100 OV Overflow A a | 
1100 NOV No overflow V =0 
0110 EQ Equal Z =] 
L110 NE Not equal L- = 
1001 GE Greater than or equal (S XOR V) = 0 
0001 LE Less than (S XOR V) = 1 
1010 GT Greater than [Z OR (S XOR V)] = 0 
0010 LE Less than or equal [Z OR (S XOR V)] = 1 
1111 UGE Unsigned greater than or equal C= 
Ol1ll ULT Unsigned less than Ce] 
1011 UGT Unsigned greater than (Cs 0 AND Z=0) 4 
0011 ULE Unsigned less than or equal (COR Z) = 1 
0000 Never true — 
Instruction 
Formats RCE RET, SCR 
INC r 
One-Byte Instructions 
ore aeee| caren] SABER [ore [sooe nee rg 
dst/sre OR {1110 ie : , on |1110] sro | , OR, : ’ 
RRC. SRA, SWAP Past] on [ratof ast] "OTM OR 
JP, CALL (Indirect) 
ee | opc | MODE | ADC, ADD, AND, CP, 
[ast_ | oR TCM, TM XOR 
[orc SRP = 
| sre |] OR [1410] sro_| 7 
2261 MOE amie [ast] on ferro 
a seine 
[MODE | OPC | | MODE | OPC | LD 
rastane Tearaae | be, tcl fastisre [x _| 
|dstisrc | OPC _| LD 
oR a 
| dst {| oPc | LD : 
Fe CALL 
pDAy 
fdsticc | oPc | DJNZ, JR DA, 
| RA 
Two-Byte Instructions Three-Byte Instructions 
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Map 
0 l 2 3 5 
6,5 6,5 
0 DEC | DEC ADD ADD 
Ri IR Yl, 12 — 
10,5 10,5 
1 RC ADC ADC ADC; ADC 
IRi ri,r2_| ri,lr2| R2,Ri| IR2,R1 
10,5 10,5 
2 INC SUB | SUB 
IRi R2,Ri} IR2,R1 


10,5 


SBC 
R2, R1 


on 


10,5 


SBC 
IR2, Ri 


pa 


SBC 


ri,Ir2 


SBC 


T1,T2 


8,0 
3 JP sing 
IRRi 


4 
=a 


Be 


10,5 
AND 


Pe Ri 


a 5 
5 sh 


10,5 
POP 


TRi R2, Ri 
10,5 10,5 10,5 10,5 
z 6 com Tou TCM | TCM | TCM] TCM 
7 r1,¥2 R2,Ri | IR2,Ri | Ri,IM{ [Ri,IM 
~o 10/12, 1] 12/14, 1 10,5 10,5 10,5 10,5 
w) 7 PUSH | PUSH 
2 R2 IR2 R2,Ri | IR2,Ri | Ri,IM| IRi,IM 
ts 10,5 10,5 ' 
e 8 DECW | DECW LDE 
5 RR. TRi r1,Irr2 | Iri,Irr2 
12,0 18,0 
9 LDE | LDEI 
oe r2,Irr1 | Ir2, a 
10,5 10,5 e i pe : i . 
A INCW | INCW 
RR IR boa ie ae ni ae 
10,5 10,5 on i 10,5 
B chr ae XOR | XOR XOR 
IRi R2,Ri | [R2, Ri a a IRi, IM 
“ 
Cc RRC aie 
IRi Yl, X, ae 
12,0 18,0 20,0 10, ic 
D SRA oe LDC | LDCI | CALL* 
IR, r2,Irr, |Ir2,Irr,} IRRi r2, a 
He 5 a 5 pa 5 a 5 
E 
a ae ae aare Rant 
5 5 
F SWAP eWae 
IR Son 
Bytes per 
Instruction 2 3 
Lower 
Opcode 
Nibble 
Execution | Pipeline 
Cycles 4 Cycles 
Upper 10,5 
Opcode —>> A CP Mnemonic 
Nibble R2,Ri 
First Second 
Operand Operand 


*2-byte instruction, fetch cycle appears as a 3-byte instruction 
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Lower Nibble (Hex) 


10,5 
ADC 
Ri,IM 

10,5 
SUB 
Ri, IM 

10,5 
SBC 
Ri, IM 


ps 


aon 


10,5 
ADC 
IRi, IM 
10,5 
SUB 
IRi, IM 
10,5 
SBC 
IR, IM 


on 


ne 1, iu 


10,5 10,5 10,5 
AND | AND| AND 
TR2,Ri | Ri,IM| IRi,IM 


6,5 
LD 


r1,R2 


6,5 
LD 


r2,R1 


Legend: 


R = 8-Bit Address 
r = 4-Bit Address 
Ri orr: = Dst Address 
Re or r2 = Sre Address 


Sequence: 
Opcode, First Operand, Second Operand 


Note: The blank areas are not defined. 


Instruction Instruction Addr Mode iy oe Flags Affected Instruction Addr Mode i Flags Affected 
d ee —— SS yte 9 ———_____ 
Summary and Operation ast ace (Hex) CZSVDH and Operation Git> cave (Hex) CZSVDH 
ADC dst,sre (Note 1) 10 te ee 0 * LDE dst,src r Irr 82 ---+---- 
dst — dst + src + C dst — sre Irr r 92 
ADD dst,src (Note 1) 00 ee ee O* LDEI dst,src Ir Irr oc eee eee 
dst — dst + src dst -— src Irr Ir 93 
AND dst,src (yee, Vee ay 
dst — dst AND src NOP FR e - eee Se ee ete 
CALL dst DA D6 ------ OR dst,src (Note 1) 40) -* *Q-- 
SP — SP-2 IRR D4 dst — dst OR sre 
@SP — PC; PC — dst POP dst = oe ee 
CCF EF et = dst —- @SP IR 51 
C-NOTC SP — SP + 1 
CLR dst R BO ------ PUSH src R 70 ------ 
dst — 0 IR Bl SP-—SP-1; @SP—src IR 71 
COM dst R 60 eo ee RCF CF Of Ae me 
dst — NOT dst IR 61 C-0 
CP dst,src (Note 1) AO a a a RET Be sees 
dst - src PC — @SP; SP—SP +2 
DA dst R 40 eee X- - RL dst ead: A 90 re a a 
dst — DA dst IR 4] IR 91 
DEC dst R 00 —* eke RLC dst [_—_ ——_] R 10 i i a 
dst — dst - 1 IR 01 IR 1] 
RR dst R E0 a 
DECW dst RR 80 -** *—— Ga ie 
dst — dst - 1 IR 81 IR El 
DI RRC dst (oy) RB e a a 
IR l 
IMR (7) — 0 2] le eee Re] Ree Bee a Rn ee ae ek ee a Pe 8 
SBC dst,src (Note 1) 30 a 
DJNZ r,dst RA eA. See Shee dst — dst - src - C 
r-r-] r=0-F SCF DF U eet tase et xed 
ifr #0 Cie] 
PC + PC + dst SS SSS ee 
R . ye, SRA dst - R DO eee Q - - 
ange: +127, -128 fa cB Dc 
EI OR > ee eR a Se 
IMR (7) — 1 ages me 
INC dst r rE ons se sre SUB dst,src (Note 1) 20 * ee & | * 
dst — dst + 1 r=0-F dst — dst -src 
R 20 Ce EER 
IR 21 WAR oes R FO XeeX-- 
IR Fl 
INCW st RR 7 a eee ers ete 
dst — dst + 1 IR Al TCM dst,src (Note 1) 6C] - **Q-- 
(NOT dst) AND src 
IRET BF kk kk ok a a ns 
FLAGS — @SP; SP— SP + 1 TM dst, src (Note 1) 70 ee a ae ee 
PC — @SP; SP — SP + 2; IMR(7) —1 dst AND src 
JP cc,dst DA ep . sabe eee XOR dst,src (Note 1) BO -**Q-- 
if cc 1s true c=0-F dst — dst XOR src 
PC — dst IRR 30 
JR cc,dst RA CB Wee ee Note 1 
if cc 1s true, c=0-F 
PC — PC + dst These instructions have an identical set of addressing 
Range: + 127, -128 modes, which are encoded for brevity. The first opcode 
nibble is found in the instruction set table above. The 
an dst,sre t i on oe second nibble 1s expressed symbolically by a ( in this 
eats R 9 table, and its value is found in the following table to the 
-0-F left of the applicable addressing mode pair. 
‘ X C7 For example, to determine the opcode of an ADC 
X ’ D7 instruction using the addressing modes r (destination) and 
‘ ie E3 Ir (source) is 13. 
Ir r F3 
R R E4 Addr Mode Lower 
R IR E5 SSeS ae 
R i E6 dst gee Opcode Nibble 
IR Im E7 
IR R F5 , r [2] 
LDC dst,src r Irr C2 ------ Ir [3] 
dst — src Irr r D2 R R [4] 
LDCI dst,src Ir rr C3 ------ R IR [5] 
dst — src Irr Ir D3 R IM iG 
r-—r+1; rr—rr+ 1 IR IM 
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R248 P1M 
Port 1 Mode Register 
Z-UPC register address (Hex): F8 


[Dr | Ds [Ds | Ds [Ds | Bz | Dy [Do | 
| P1o-P17 I/O DEFINITION 
0 DEFINES BIT AS OUTPUT 


1 DEFINES BIT AS INPUT 


Registers 


R246 P2M 
Port 2 Mode Register 
Z-UPC register address (Hex): F6 


[Pr | Bs [Ds [Dy | Da [Dz | O, | Da 
| P29-P27 I/O DEFINITION 
0 DEFINES BIT AS OUTPUT 


1 DEFINES BIT AS INPUT 


R247 P3M 
Port 3 Mode Register 
Z-UPC register address (Hex): F7 


Lr | Be [Ds [D4 ] Bs [Ds | Ds | Do | 


0 PORT 2 PULL-UPS OPEN DRAIN 
1 PORT 2 PULL-UPS ACTIVE 
0 PORT 1 PULL-UPS OPEN DRAIN 
1 PORT 1 PULL-UPS ACTIVE 

a 0 Pas = OUTPUT 

1 P35 = INT 

RESERVED 
0 P33 = INPUT P3q = OUTPUT 
1 P33 = DAVIIRDY1 P34 = RDY1/DAVi 
0 Pgi = INPUT (Tin) P36 = OUTPUT (Tout) 
1 P31 = DAV2/RDY2 Pag = RDY2/DAV2 
0 Pgo = INPUT P37 = OUTPUT 

, 1 Pgo = 1El Pa7 = 1EO 

* 0 Ps2 = INPUT 


1 P32 = INTACK 


Figure 12. Port Mode Registers 


R251 IMR 
Interrupt Mask Register 
Z-UPC register address (Hex): FB 


CACACCACACAAS 
| L 1 ENABLES IRQO 
1 ENABLES IRQ1 


1 ENABLES IRQ2 

1 ENABLES IRQ3 

1 ENABLES IRQ4 

1 ENABLES IRQ5 
RESERVED 

1 ENABLES INTERRUPTS 


R250 IRQ 
Interrupt Request Register 
Z-UPC register address (Hex): FA 


[Py 1s | Bs [D4 [Ds ] Da] Dy | Do 


IRQO = MASTER CPU COMMUNICATIONS 
IRQ1 = P33 INPUT 

IRQ2 = P31 INPUT 

IRQ3 = P39 INPUT 

IRQ4 = To 

IRQS = Ty 

RESERVED 


= 


R249 IPR 


Interrupt Priority Register 
Z-UPC register address (Hex): F9 (Write Only) 


[D7 [Bs [Bs [Ds [2 |D2[D | Do, 


RESERVED as 


INTERRUPT GROUP PRIORITY 
RESERVED = 000 

C>A>B = 001 

A>B>C = 010 

A>C>B = 011 

B>C>A = 100 

C>B>A = 101 

B>A>C = 110 

RESERVED = 111 


IRQ1, IRQ4 PRIORITY (GROUP C) 
0 = IRQi > IRQ4 
1 = IRQ4 > IRQ1 


IRQO, [RQ2 PRIORITY (GROUP B) 
0 = IRQ2 > IRQO 
1 = IRQO>IRQ2 


1RQ3, IRQS PRIORITY (GROUP A) 
0 = IRQS > IRQ3 
1 = IRQ3>IRQ5 


Figure 13. Interrupt Control Registers 


R254 MIC 
Master CPU Interrupt Control Register 
Z-UPC register address (Hex): FE 


Lr | Be [Ds | De | Da [Da | Ds [Do | 


o— 

1 END OF MESSAGE 

0 WAIT ENABLE WHEN WRITE 
1 WAIT DISABLE WHEN WRITE 


0 ENABLE LOWER CHAIN 
1 DISABLE LOWER CHAIN 
0 DISABLE DATA TRANSFER 
41 ENABLE DATA TRANSFER 


0 VECTOR OUTPUT 
4 NO VECTOR OUTPUT 


R240 MIV 
Master CPU Interrupt Vector Register 
. Z-UPC register address (Hex): FO 


| 


VECTOR DATA (Do = LSB) 


0 NO MASTER CPU INTERRUPT PENDING , 


1 MASTER CPU INTERRUPT PENDING . 


0 NO INTERRUPT UNDER SERVICE 
1 INTERRUPT UNDER SERVICE 


0 INTERRUPT REQUEST DISABLED 
1 INTERRUPT REQUEST ENABLED 


Figure 14. Master CPU Interrupt Registers 
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R252 FLAGS 
Flag Register 
Z-UPC register address (Hex): FC 


|b USER FLAG F1 

USER FLAG F2 
HALF -CARRY FLAG 
DECIMAL ADJUST FLAG 
OVERFLOW FLAG 
SIGN FLAG 
ZERO FLAG 
CARRY FLAG 


Registers 
(Continued) 


a 


R253 RP 
Register Pointer 


Z-UPC register address (Hex): FD 


[D7] Be | Ds [4 ]Ds [Dz] Dy | Do, 


REGISTER POINTER a : tee DON’T CARE 


(4-7) 


R255 SP 
Stack Pointer 


Z-UPC register address (Hex): FF 


[Dr [De [Ds [Ds [Ds | Dz [Ds | Do 
STACK POINTER 


(SPo-SP7) 


Figure 15. Z-UPC Control Registers 


RO DTC 
Data Transfer Control Register 
Z-UPC register address (Hex): 00 


[D7 [Ds [Ds | Dy | Ds | Da | Dy | Do 
lous 0 


1 
0 
1 


0 


—~ Oo 


—_ 


END OF MESSAGE 


NO LIMIT ERROR 
LIMIT ERROR 


NO TRANSFER ERROR 


1 TRANSFER ERROR 


DISABLE DATA TRANSFER 
ENABLE DATA TRANSFER 


WO REGISTER POINTER 


R4 LC 
Limit Count Register 
Z-UPC register address (Hex): 04 


[7 [Bs] Ds | Bs ] Ds [D2 [Dy | Do) 
| LIMIT COUNT VALUE 
(RANGE 0-255 DECIMAL 


00-FF HEX) 


R5 DIND 
Data Indirection Register 
Z-UPC register address (Hex): 05 


[D7 | De [Ds [D4 [Ds] Ds | Dy | Do, 
| INDIRECTION ADDRESS 


(Do = LSB) 


Figure 16. Master CPU-Z-UPC Data Transfer Registers 


R241 TMR 
Timer Mode Register 


Z-UPC register address (Hex): F1 


[Pr] Be [Ds [Ds | Da [Dz] Dy | Do, 


GATE INPUT = 01 
TRIGGER INPUT = 10 
(NON-RETRIGGERABLE) 
TRIGGER INPUT = 11 
(RETRIGGERABLE) 


Tout MODES 0 = NO FUNCTION 
RESERVED = 00 1 = LOADT 
To OUT = 01 . ’ 
T OUT = 10 
= 0 = DISABLE Tp COUNT 
INTERNAL CLOCK OUT = 11 1 = ENABLE Tp COUNT 
: TIN MODES ae 
EXTERNAL CLOCK = 
INPUT = 00 pO AO 
0 
1 


R242 Tl 
Counter/Timer | Register 


N 
L 
D 
E 


O FUNCTION 


ISABLE T; COUNT 
NABLE Ty COUNT 


Z-UPC register address (Hex): F2 


R243 PRE1 
Prescaler 1 Register 
Z-UPC register address (Hex): F3 


[Pr | Ba] Bs | Ds | Ds | Ba | Ds [Do | 


L COUNT MODE 

0 = Ty SINGLE PASS 
1 = T; MODULO +N 
CLOCK SOURCE 
0 = EXTERNAL TIMING INPUT 

(Tin) MODE 

1 = Ty INTERNAL 
PRESCALER MODULO 
(RANGE. 1-64 DECIMAL 


01-00 HEX) 


R244 TO 
Counter/Timer 0 Register 


Z-UPC register address (Hex): F4 


[D7 [Dg [Ds ] Dy | Ds | D2 | Ds | Do | [Dy | Dg | Ds | Dy | Ds | Dz [Dy | Do 
| T; INITIAL VALUE | To INITIAL VALUE 
(RANGE 1-256 DECIMAL (RANGE: 1-256 DECIMAL 
01-00 HEX) 01-00 HEX) 
R245 PREO 
Prescaler 0 Register 

Z-UPC register address (Hex): F5 

ye [D7 | Dg | Ds [Dy [Ds | Dz [Ds | Do 


L COUNT MODE 
0 = To SINGLE-PASS 
1 = To MODULO ¢ N 


RESERVED 


PRESCALER MODULO 
(RANGE 1-64 DECIMAL 
01-00 HEX) 


Figure 17. Z-UPC Counter/Timer Registers 
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Registers 
(Continued) 
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Control Register Dy Dg 


Comments 


O01 Xx Xx 


Data Transfer Control Register 


044 


Not Defined 


Disable data transfer 
from master CPU 


Limit Count Register 


O51 
Data Indirection Register 


FO 
Interrupt Vector Register 


Not Defined 


Not Defined 


Fly 0 0 


Timer Mode 


F2y 
TO Register 


F3y X X 
TO Prescaler 


F4y 
Tl Register 


Not Defined 


X X 


Not Defined 


Stops TO and T1 


Single-Pass mode 


F5yH X X 


Tl Prescaler 


Foy 1 l 
Port 2 Mode 


F7y 0 0 
Port 3 Mode 


F8y l ] 
Port 1 Mode 


Single-Pass mode 
External clock source 


Port 2 lines defined as 
inputs 


Port 1, 2 open drain; 
P35 = INT; P39, P3), P39, 
P33 defined as input; P34, 
P3g, P37 defined as output. 


Port 1 lines defined as 
inputs 


Not Defined 


FOu 
Interrupt Priority 


FAy X X 
Interrupt Request 


FBy 0 X 


X X 


Reset Interrupt Request 


Interrupts disabled 


Interrupt Mask 


FCy 
Flag Register 


Not Defined 


Not Defined 


FDy 
Register Pointer 


FEy 0 0 
Master CPU Interrupt 
Control Register 


Master CPU interrupt dis- 
abled; wait enable when 


write; lower chain enabled 


FFy 
Stack Pointer 


NOTE: X means not defined. 


Table 4. Control Register Reset Conditions 


Not Defined 


Absolute Voltages on all pins (except Vpp) Stresses greater than those listed under Absolute Maxi- 
Maximum with respect toGND.......... -0.5Vto +7.0V mum Ratings may cause permanent damage to the device. 
Ratings This 1s a stress rating only; operation of the device at any 
g Operating Ambient condition above those indicated in the operational sections 
Temperature........ See Ordering Information of these specifications is not 1mphed. Exposure to absolute 
ti diti f tended a ffect 
Storage Temperature........ -65°C to +150°C device tela. SE a ere eee ie erg ere 
Standard The characteristics below apply for the @+4.75V < Veo Ss +5.25 V 
Test following standard test conditions, unless gw Vec = GND =O0V 
Conditions otherwise noted. All voltages are referenced to = : 
GND. Positive current flows into the reference m0°C = T, = +70°C 
pin. Standard conditions are as follows: *See Ordering Information section for package 
temperature range and product number. 
+5V +5V 
2.2K 18K 
FROM OUTPUT FROM OUTPUT 
UNDER TEST UNDER TEST 
mer | ah 50 pF | ar 
Figure 18. Test Load 1 Figure 19. Test Load 2 
DC Symbol Parameter Min Max = Unit Condition Notes 
Charac- 
teristics Vou Clock Input High Voltage 2.4 Vee V 
Ve. Clock Input Low Voltage -0.3 0.8 V 
Vin Input High Voltage 2.0 Vec V 
Vin Input Low Voltage -0.3 0.8 V 
Vou Output High Voltage 2.4 V Ioy = -250 pA l 
VoL Output Low Voltage 0.4 V Io. = +2.0mA ] 
In Input Leakage -10 10 pA O< Vin s +5.25 V 
lot Output Leakage -10 10 pA O< Vin = +5.25 V 
loc’ Vcc Supply Current 180 mA 


1 For Ag-Aj | and Do-D7, MDS, SYNC, MAS, and MR/W/IACK on the 64-pin versions IOH = 


*For Protopack versions Ic¢@ = 180 »A plus the current for the memory IC used 


100 pA andIoy, = 10mA 
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Master CPU 


—_O=s 
Interface >| <® 
Timing 
PCLK ay 
(1) (4) 
cs DON‘T CARE cp DON'T CARE 
OO) EO- 
at Cae) CET) 
@ oo | = ke 
7 ; , os da 
® © ®@ 
= (18) 
bs 
—__—_—_(3) > 
| : - ' 
PL {TN 
r a, a 
(8) _— (21) (15) 
a! es 
om @ 
WAIT 
(22) 
Interrupt 
Acknowledge pate ( unverineo {vector } 
Timing ®) 
Wav, 
INTACK KX / 
S 
iB (25) a 
pace came 
bs 


z 
= 
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NO 
] 
2 
5 


No. Symbol Parameter 

lL “ire Clock Rise Time 

2 TwCh Clock High Width 

3. 6TIC Clock Fall Time 

4. TwCl Clock Low Width 

5 Tbe Clock Period 

6 TsCS(AS) CS to AS t Setup Time 

7  ThCS(AS) CS to AS t Hold Time 

8  TsA(AS) Address to AS t Setup Time 

9 ThA(AS) Address to AS t Hold Time 
10-—TwAS AS Low Width 


DS t to Read Data Not Valid 
DS t to Read Data Float Delay 
AS t to DS | Delay 

DS t to AS | Delay 

Write Data to DS t Hold Time 
DS | to Read Data Valid Delay 
Address Float to DS Delay 


ll  TdDS(DR) 
12.  TdDS(DRz) 
13. TdAS(DS) 
14 TdDS(AS) 
15—— ThDW(DS) 
16 TdDS(DR) 
17. TdAz(DS) 
18 TwDS DS Low Width 

19 TsRWR(DS) R/W (Read) to DS |} Setup Time 
20— TsRWW(DS)—— R/W (Write) to DS | Setup Time 
21 TsDW(DSf) Write Data to DS | Setup Time 


22 TdAS(W) AS t to WAIT | Valid Delay 

23. ThRW(DS) R/W to DS t Hold Time 

24 TsDR(W) Read Data Valid to WAIT t 

25  TslA(AS) INTACK to AS t Setup Time 

26 ThIA(AS) INTACK to AS t Hold Time 

27 TdAS(DSA) AS t to DS | (/Acknowledge) Delay 

28  TdDSA(DR) DS | (Acknowledge) to Read Data Valid 
Delay 

29. TwDSA DS | (Acknowledge) Low Width 

30— TdAS(IEO) —— AS t to IEO Delay 

31 TdlEIfIEO) IEI to IEO Delay 

32. = TslIEI(DSA) IEI to DS | (Acknowledge) Setup Time 

33. TdDS(INT) DS | to INT Delay 

34 ThIEI(DS) IEI to DS t Hold Time 


TES 

Parameter does not apply to Interrupt Acknowledge trans- 
actions 

The maximum value for TdAS(DS) does not apply to Interrupt 
Acknowledge transactions 

This parameter is dependent on the state of UPC at the time of 
master CPU access 


4 MHz 6 MHz 
Min Max Min Max Notes*f 
20 15 
105 1855 70 1855 
20 10 
105 1855 70 1855 
250 2000 165 —— 2000 
0 0 l 
60 40 i 
30 10 l 
50 30 ] 
70 50 
0 0 
70 45 2 
60 2095 40 2095 
50 35 
30 20 
3 
0 ©) 
390 250 
100 80 
0 0 
30 20 
195 160 
60 40 
0 0 
0 0 
250 250 
940 200 
360 180 
475 250 
290 250 
120 100 
150 120 
500 500 
100 100 


* Timings are preliminary and subject change 

t Units in nanoseconds (ns) 
The timing characteristics given reference 2 0 V as High and 
0 8 V as Low. 
All output ac parameters use test load 1 
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4 MHz 6 MHz 
No. Symbol Parameter Min Max Min Max Notes*+ 
l TsDI(DA) Data In Setup Time @) @) 
2  ThDA(DI) Data In Hold Time 230 230 
3 TwDA Data Available Width 175 175 1,2 
4 TdDAL(RY) Data Available Low To Ready 20 r75 20 175 1,2 
Delay Time 0 0 ae 
5  TdDAH(RY) Data Available High To Ready 150 150 D2 
Delay Time 0 0 23 
6  TdDO(DA) Data Out To Data Available 50 50 2 
Delay Time 
7  TdRY(DA) Ready To Data Available Delay Time 0 205 0 205 2 
1  TdRDOQ(WR) Delay from DS t to AS t for No Reset 40 35 
2 TdWRQ(RD) Delay from AS t to DS | for No Reset 50 35 
3 TwRES Minimum Width of AS and DS both Low 250 250 4 
for Reset 
TwMAS Memory Address Strobe Width 60 55 
2  TdA(MAS) Address Valid to Memory Address 30 30 5 
Strobe | Delay 
3. TdMR/W(MAS) Memory Read/Write to Memory Address 30 30 5 
Strobe f Delay 
4 TdMDS(A) Memory Data Strobe t to Address 60 60 
Change Delay 
5——TDMDS(MR/W)—Memory Data Strobe t to Memory 80 15 
Read/Write Not Valid Delay 
6  Tw(MDS) Memory Data Strobe Width (Write Case) 160 110 6 
7  TdDO(CMDS) Data Out Valid to Memory Data Strobe | Delay 30 30 5 
TdMDS(DO) Memory Data Strobe t to Data Out 30 30 5 
Change Delay 
9  Tw(MDS) Memory Data Strobe Width (Read Case) 230 230 6 
10———TdMDS(DI) Memory Data Strobe |! to Data In Valid Delay 160 se OO 
11 TadMAS(DI) Memory Address Strobe t to Data In 180 220 if 
Valid Delay 
12. ThMDS(DD Memory Data Strobe f to Data In Hold Time 0 0 
13. ~TwsY Instruction Syne Out Width 160 100 
14. TdSY(MDS) Instruction Sync Out to Memory Data 200 160 
Strobe Delay 
15 = Twl Interrupt Request via Port 3 Input Width 100 100 
NOTES: 
1 Input Handshake three input clock periods must be added to the specified width. 


2. Test Load 1 

3. Output Handshake 

4 Internal reset signal 1s 1/2 to 2 clock delays from external reset 
condition. 

5. Delay times are specified for an input clock frequency of 4 
MHz When operating at a lower frequency, the increase in 
input clock period must be added to the specified delay time 

6 Data strobe width 1s specified for an input clock frequency of 4 
MHz. When operating at a lower frequency, the increase in 


Data strobe width varies according to the instruction being 
executed 

Address strobe and data strobe to data in valid delay times 
represent memory system access times and are given for a 4 
MHz input frequency 


* Timings are preliminary and subject to change. All timing refer- 
ences assume 2 0 V for a logic “1” and 0 8 V for a logic “0”. 

f Units in nanoseconds (ns) 
All output ac parameters use test load 2 
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Ordering 
Information 


Product 
Number 


Z8090 


Z8090 
Z8090 
Z8090 
Z8090 
Z8090 
Z8091 


Package/ 
Temp 


PS 


DE 
DS 
CS 
PE 
CE 
QS 


Speed 


8.0 MHz 


8.0 MHz 
8.0 MHz 
8.0 MHz 
8.0 MHz 
8.0 MHz 
8.0 MHz 


Product Package/ 
Description Number Temp Speed Description 
Z8000 Z-UPC Z8092 QOS 8.0 MHz Z8000 Z-UPC 
Universal (Quip) 
Peripheral External 
Controller (40-pin) RAM-based 
Program 
a = ewe Memory (64-pin) 
rs gt ee 78093 RS 8.0MHz 28000 Z-UPC 
Same as above (Protopack) 
Same as above 2716 EPROM 
Same as above pavers Memory 
(40-pin) 
Z8000 Z-UPC 78094 RS  8.0MHz 28000 Z-UPC 
(Quip) (Protopack) 
External RAM Program 
ROM-based M 
Program euro 
(40-pin) 


Memory (64-pin) 


NOTES: C = Ceramic, D = Cerdip, P = Plastic, Q = Quip, E = -40°C to +85°C, S = 0°C to +70°C. 
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Universal Peripherals 


Universal Peripherals 


Two Versions Extend 


Range of Applications 


June 1982 


Zilog’s Universal Peripheral 
Components Family is more than a 
group of simple I/O circuits—they 
are intelligent, fully programmable 
devices capable of performing 
complicated tasks independently. 
Their capabilities unburden the 
master CPU, reduce bus traffic, 
increase system throughput, and 
greatly simplify overall system 
hardware design requirements. 

The peripheral components, 
where needed, are produced in 
two versions to increase their 
range of application. One version, 
identified by the number Z80xx, is 
capable of interfacing with Zilog’s 
multiplexed Z-BUS only or with 
both the Z-BUS and conventional 
multiplexed buses. The second ver- 
sion, identified by the number 
Z85xx, is capable of interfacing 
with conventional non-multiplexed 
buses. Many of these Z85xx 
peripherals will function with and 
add capability to non-Zilog CPUs. 
Contact your local Zilog sales 
office, local distributor or 
representative for additional infor- 
mation and detailed specifications. 
This section of the data book 
includes only product specifica- 
tions or product briefs on the 
Z85xx series of components. For 
the specifications or briefs on the 
Z80xx components refer to the 
Z8000 peripherals section. 

All of the peripheral components 
are extensively programmable to 
permit each to be tailored to its 
own application(s). All Z-BUS per- 
ipherals share common interrupt 
and bus-request structures; they 
can also be operated in either 
a priority-interrupt or polled 
environment. 


Counting, timing, and parallel 
I/O transfer problems are easily 
solved using the Z8036/Z8536 CIO 
Counter/Timer and I/O Unit. This 
component has three 16-bit 
counter/timers, three I/O ports, 
and can double as a programmable 
priority-interrupt controller. 

Data communications problems 
are neatly handled by the Z8030/ 
Z8530 SCC Serial Communications 
Controller. This device is a serial, 
dual-channel, multi-protocol con- 
troller which supports all popular 
communications formats. The SCC 
supports virtually all serial data 
transfer applications. 

Interface problems with the 
interconnection of major com- 
ponents within an asynchronous, 
parallel processor system can be 
solved using the Z8038 Z-FIO FIFO 
I/O Interface Unit. This general- 
purpose interface unit provides 
expandable, bidirectional buffer- 
ing between asynchronous CPUs in 
a parallel processing network, or 
between a CPU and peripheral cir- 
cuits and/or devices. The Z-FIO 
can be used with systems having 
either multiplexed or non- 
multiplexed buses. 

General-purpose control and 
data manipulation problems are 
easily handled by the Z8034/Z8534 
UPC Universal Peripheral Con- 
troller. The UPC is a complete 
microcomputer designed for off- 
line applications. This microcom- 
puter executes the same friendly, 
capable instruction set as Zilog’s Z8 
microcomputer; it has three I/O 
ports, six levels of priority- 
interrupt, and 2K bytes of memory 
on chip. The UPC is intended for 
applications that require an intelli- 


gent peripheral controller which 
can assume many of the tasks nor- 
mally required of the master CPU. 

Two new universal peripherals 
have been added to the ever 
expanding line of Zilog peri- 
pherals. They are the Z8581 Clock 
Generator and Controller (CGC) 
and the Z8531 ASCC Asyn- 
chronous Serial Communications 
Controller. 

The Z8581 Clock Generator and 
Controller (CGC) is a versatile 
addition to Zilog’s family of univer- 
sal microprocessor components. 
The selective clock-stretching 
capabilities and variety of timing 
outputs of this device allow it to 
meet the timing design re- 
quirements of various micro- 
processors easily, including those 
of LSI and VLSI peripherals. 

The outputs of the Z8581 CGC 
directly drive the Z80 and Z8000 
microprocessor clock inputs. The 
oscillator input frequency refer- 
ence sources can be either crystals 
or TTL compatible oscillators. 

To complement the Z8530/Z8030 
SCC Serial Communications Con- 
troller Zilog has introduced an 
asynchronous version designated 
the Z8531 ASCC. It features two 
independent 0 to 1M bit/second, 
full-duplex channels each with a 
seperate crystal oscillator, baud 
rate generator and digital phase- 
locked loop for clock recovery. 
The Z8581 ASCC has program- 
mable NRZ, NRZI, or FM data 
encoding. 

The LSI and VLSI components 
now available can meet the design 
needs of today, while Zilog con- 
tinues to design state-of-the-art 
devices for the needs of tomorrow. 


28530 SCC Serial 


a s 
Communications 
Controller 
VY Product 
2 iw i a 
Zilog Specification 
June 1982 
Features @ Two independent, 0 to 1M bit/second, full- @ Synchronous mode with internal or external 
duplex channels, each with a separate character synchronization on one or two 
crystal oscillator, baud rate generator, and synchronous characters and CRC genera- 
Digital Phase-Locked Loop for clock tion and checking with CRC-16 or 
recovery. CRC-CCITT preset to either 1s or Os. 
@ Multi-protocol operation under program m SDLC/HDLC mode with comprehensive 
control; programmable for NRZ, NRZI, or frame-level control, automatic zero insertion 
FM data encoding. and deletion, I-field residue handling, abort 


generation and detection, CRC generation 
and checking, and SDLC Loop mode 
operation. 


@ Asynchronous mode with five to eight bits 
and one, one and one-half, or two stop bits 
per character; programmable clock factor; 
break detection and generation; parity, @ Local Loopback and Auto Echo modes. 
overrun, and framing error detection. 


General The Z8530 SCC Serial Communications wide variety of serial communications applica- 
Description Controller is a dual-channel, multi-protocol tions. The device contains a variety of new, 
data communications peripheral designed for sophisticated internal functions including 
use with conventional non-multiplexed buses. on-chip baud rate generators, Digital Phase- 
The SCC functions as a serial-to-parallel, Locked Loops, and crystal oscillators that 
parallel-to-serial converter/controller. The dramatically reduce the need for external 
SCC can be software-configured to satisfy a logic. 


SERIAL 
DATA 


a 
> | CHANNEL 
<— { CLOCKS 

DATA BUS ee 


CHANNEL 
CONTROLS 
FOR MODEM, 
DMA, OR 
OTHER 


+_> 


i—<—$<—= 
TIMING 


AND RESET a 


DATA 


CONTROL ————— 


+> | CHANNEL 


CLOCKS 


INTERRUPT 
CHANNEL CH-B 


CONTROLS 
FOR MODEM, 


BUS | 
| DTR/REQB 
RTSB 
CTSB 


DCDB 


DMA, OR 
OTHER 


| semiat 


+5V GND PCLK 


Figure 1. Pin Functions Figure 2. Pin Assignments 
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General 
Description 
(Continued) 


The SCC handles asynchronous formats, 
Synchronous byte-oriented protocols such as 
IBM Bisync, and Synchronous bit-oriented pro- 
tocols such as HDLC and IBM SDLC. This ver- 
satile device supports virtually any serial data 
transfer application (cassette, diskette, tape 
drives, etc.). 

The device can generate and check CRC 
codes in any Synchronous mode and can be 
programmed to check data integrity in various 
modes. The SCC also has facilities for 


modem controls in both channels. In appli- 
cations where these controls are not needed, 
the modem controls can be used for 
general-purpose I/O. 

The Z-Bus daisy-chain interrupt hierarchy is 
also supported—as is standard for Zilog 
peripheral components. 

The Z8530 SCC is packaged in a 40-pin 
ceramic DIP and uses a single +5 V power 


supply. 


Pin 
Description 


The following section describes the pin 
functions of the SCC. Figures 1 and 2 detail 
the respective pin functions and pin 
assignments. 


A/B. Channel A/Channel B Select (input). 
This signal selects the channel in which the 
read or write operation occurs. 


CE. Chip Enable (input, active Low). This 
signal selects the SCC for a read or write 
operation. 


CTSA, CTSB. Clear To Send (inputs, active 
Low). If these pins are programmed as Auto 
Enables, a Low on the inputs enables the 
respective transmitters. If not programmed as 
Auto Enables, they may be used as general- 
purpose inputs. Both inputs are Schmitt-trigger 
buffered to accommodate slow rise-time inputs. 
The SCC detects pulses on these inputs and 
can interrupt the CPU on both logic level 
transitions. 


D/C. Data/Contro! Select (input). This signal 
defines the type of information transferred to 
or from the SCC. A High means data is 
transferred; a Low indicates a command. 


DCDA, DCDB. Data Carrier Detect (inputs, 
active Low). These pins function as receiver 
enables if they are programmed for Auto 
Enables; otherwise they may be used as 
general-purpose input pins. Both pins are 
Schmitt-trigger buffered to accomodate slow 
rise-time signals. The SCC detects pulses on 
these pins and can interrupt the CPU on both 
logic level transitions. 


Do-Dy. Data Bus (bidirectional, 3-state). These 
lines carry data and commands to and from 


the SCC. 


DTR/REQA, DTR/REQB. Data Terminal 
Ready/Request (outputs, active Low). These 
outputs follow the state programmed into the 
DTR bit. They can also be used as general- 
purpose outputs or as Request lines for a DMA 
controller. 


IEI. /nterrupt Enable In (input, active High). 
IEI is used with IEO to form an interrupt daisy 
chain when there is more than one interrupt- 
driven device. A High IEI indicates that no 
other higher priority device has an interrupt 
under service or is requesting an interrupt. 


IEO. Interrupt Enable Out (output, active 
High). IEO is High only if IEI is High and the 
CPU is not servicing an SCC interrupt or the 
SCC is not requesting an interrupt (Interrupt 
Acknowledge cycle only). IEO is connected to 
the next lower priority device’s IEI input and 
thus inhibits interrupts from lower priority 
devices. 


INT. Interrupt Request (output, open-drain, 
active Low). This signal is activated when the 
SCC requests an interrupt. 


INTACK. /nterrupt Acknowledge (input, active 
Low). This signal indicates an active Interrupt 
Acknowledge cycle. During this cycle, the_ 
SCC interrupt daisy chain settles. When RD 
becomes active, the SCC places an interrupt 
vector on the data bus (if IEI is High). 
INTACK is latched by the rising edge 

of PCLK. 


PCLK. Clock (input). This is the master SCC 
clock used to synchronize internal signals 
PCLK is a TTL level signal. 


RD. Head (input, active Low). This signal indi- 
cates a read operation and when the SCC is 
selected, enables the SCC’s bus drivers. Dur- 
ing the Interrupt Acknowledge cycle, this 
signal gates the interrupt vector onto the bus 

if the SCC is the highest priority device 
requesting an interrupt. 


RxDA, RxDB. Receive Data (inputs, active 
High). These input signals receive serial data 
at standard TTL levels. 


RTxCA, RTxCB. Receive/Transmit Clocks 
(inputs, active Low). These pins can be pro- 
grammed in several different modes of opera- 
tion. In each channel, RTxC may supply the 
receive clock, the transmit clock, the clock for 
the baud rate generator, or the clock for the 
Digital Phase-Locked Loop. These pins can 
also be programmed for use with the respec- 
tive SYNC pins as a crystal oscillator. The 
receive clock may be 1, 16, 32, or 64 times the 
data rate in Asynchronous modes. 


RTSA, RTSB. Request To Send (outputs, 
active Low). When the Request To Send (RTS) 
bit in Write Register 5 (Figure 11) is set, the 
RTS signal goes Low. When the RTS bit is 
reset in the Asynchronous mode and Auto 
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Pin 
Description 
(Continued) 


Functional 
Description 


Enable is on, the signal goes High after the 
transmitter is empty. In Synchronous mode or 
in Asynchronous mode with Auto Enable off, 
the RTS pin strictly follows the state of the RTS 
bit. Both pins can be used as general-purpose 
outputs. 


SYNCA, SYNCB. Synchronization (inputs or 
outputs, active Low). These pins can act either 
as inputs, outputs, or part of the crystal 
oscillator circuit. In the Asynchronous Receive 
mode (crystal oscillator option not selected), 
these pins are inputs similar to CTS and DCD. 
In this mode, transitions on these lines affect 
the state of the Synchronous/Hunt status bits in 
Read Register 0 (Figure 10) but have no other 
function. 

In External Synchronization mode with the 
crystal oscillator not selected, these lines also 
act as inputs. In this mode, SYNC must be 
driven Low two receive clock cycles after the 
last bit in the synchronous character is 
received. Character assembly begins on the 
rising edge of the receive clock immediately 
preceding the activation of SYNC. 

In the Internal Synchronization mode 
(Monosync and Bisync) with the crystal 
oscillator not selected, these pins act as out- 
puts and are active only during the part of the 
receive clock cycle in which synchronous 
characters are recognized. The synchronous 


The functional capabilities of the SCC 
can be described from two different points 
of view: as a data communications device, 
it transmits and receives data in a wide 
variety of data communications protocols; as a 
microprocessor peripheral, the SCC offers 
valuable features such as vectored interrupts, 
polling, and simple handshake capability. 


Data Communications Capabilities. The 
SCC provides two independent full-duplex 
channels programmable for use in any com- 
mon Asynchronous or Synchronous data- 
communication protocol. Figure 3 and the 


PARITY 
START STOP 


DATA | 


MARKING LINE 


DATA il 


condition is not latched, so these outputs are 
active each time a synchronization pattern is 
recognized (regardless of character bound- 
aries). In SDLC mode, these pins act as 
outputs and are valid on receipt of a flag. 


TxDA, TxDB. 7ransmit Data (outputs, active 
High). These output signals transmit serial data 
at standard TTL levels. 


TRxCA, TRxCB. Transmit/Receive Clocks 
(inputs or outputs, active Low). These pins can 
be programmed in several different modes of 
operation. TRxC may supply the receive clock 
or the transmit clock in the input mode or sup- 
ply the output of the Digital Phase-Locked 
Loop, the crystal oscillator, the baud rate 
generator, or the transmit clock in the output 
mode. 


WR. Write (input, active Low). When the SCC 
is selected, this signal indicates a write 
operation. The coincidence of RD and WR is 
interpreted as a reset. 


W/REQA, W/REQB. Wait/Request (outputs, 
open-drain when programmed for a Wait func- 
tion, driven High or Low when programmed 
for a Request function). These dual-purpose 
outputs may be programmed as Request lines 
for a DMA controller or as Wait lines to syn- 
chronize the CPU to the SCC data rate. The 
reset state is Wait. 


following description briefly detail these 
protocols. 

Asynchronous Modes. Transmission and 
reception can be accomplished independently 
on each channel with five to eight bits per 
character, plus optional even or odd parity. 
The transmitters can supply one, one-and-a- 
half, or two stop bits per character and can 
provide a break output at any time. The 
receiver break-detection logic interrupts the 
CPU both at the start and at the end of a 
received break. Reception is protected from 
spikes by a transient spike-rejection 


MARKING LINE 


DATA | 


ASYNCHRONOUS 


SYNC DATA 


MONOSYNC 


SYNC SYNC DATA 


SIGNAL 


Y 


BISYNC 


EXTERNAL SYNC 


FLAG ADDRESS 


INFORMATION 


SDLC/HDLC/X.25 


Figure 3. Some SCC Protocols 
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Functional 
Description 
(Continued) 


mechanism that checks the signal one-half a 
bit time after a Low level is detected on the 
receive data input (RxDA or RxDB in 

Figure 1). If the Low does not persist (as tn the 
case of a transient), the character assembly 
process does not start. 

Framing errors and overrun errors are 
detected and buffered together with the partial 
character on which they occur. Vectored inter- 
rupts allow fast servicing or error conditions 
using dedicated routines. Furthermore, a 
built-in checking process avoids the interpreta- 
tion of a framing error as a new start bit: a 
framing error results in the addition of one-half 
a bit time to the point at which the search for 
the next start bit begins. 

The SCC does not require symmetric 
transmit and receive clock signals—a feature 
allowing use of the wide variety of clock 
sources. The transmitter and receiver can 
handle data at a rate of 1, 1/16, 1/32, or 1/64 
of the clock rate supplied to the receive and 
transmit clock inputs. In Asynchronous modes, 
the SYNC pin may be programmed as an input 
used for functions such as monitoring a ring 
indicator. 

Synchronous Modes. The SCC supports both 
byte-oriented and bit-oriented synchronous 
communication. Synchronous byte-oriented 
protocols can be handled in several modes, 
allowing character synchronization with a 6-bit 
or 8-bit synchronous character (Monosync), 
any 12-bit synchronization pattern (Bisync), or 
with an external synchronous signal. Leading 
sync characters can be removed without inter- 
rupting the CPU. 

Five- or 7-bit synchronous characters are 
detected with 8- or 16-bit patterns in the SCC 
by overlapping the larger pattern across multi- 
ple incoming synchronous characters as shown 
in Figure 4. 

CRC checking for Synchronous byte- 
oriented modes is delayed by one character 
time so that the CPU may disable CRC check- 
ing on specific characters. This permits the 
implementation of protocols such as 
IBM Bisync. 

Both CRC-16 (X16 + X15 + X2 + 1) and 
CCITT (X16 + X12 + X5 + 1) error checking 
polynomials are supported. Either polynomial 
may be selected in all Synchronous modes. 
Users may preset the CRC generator and 
checker to all 1s or all Os. The SCC also pro- 
vides a feature that automatically transmits 
CRC data when no other data is available for 


5 BITS 


transmission. This allows for high speed 
transmissions under DMA control, with no 
need for CPU intervention at the end of a 
message. When there is no data or CRC to 
send in Synchronous modes, the transmitter 
inserts 6-, 8-, or 16-bit synchronous 
characters, regardless of the programmed 
character length. 

The SCC supports Synchronous bit-oriented 
protocols, such as SDLC and HDLC, by per- 
forming automatic flag sending, zero insertion, 
and CRC generation. A special command can 
be used to abort a frame in transmission. At 
the end of a message, the SCC automatically 
transmits the CRC and trailing flag when the 
transmitter underruns. The transmitter may 
also be programmed to send an idle line con- 
sisting of continuous flag characters or a 
steady marking condition. 

If a transmit underrun occurs in the middle 
of a message, an external/status interrupt 
warns the CPU of this status change so that an 
abort may be issued. The SCC may also be 
programmed to send an abort itself in case of 
an underrun, relieving the CPU of this task. 
One to eight bits per character can be sent, 
allowing reception of a message with no prior 
information about the character structure in 
the information field of a frame. 

The receiver automatically acquires syn- 
chronization on the leading flag of a frame in 
SDLC or HDLC and provides a synchroniza- 
tion signal on the SYNC pin (an interrupt can 
also be programmed). The receiver can be 
programmed to search for frames addressed by 
a single byte (or four bits within a byt«) of a 
user-selected address or to a global broadcast 
address. In this mode, frames not matching 
either the user-selected or broadcast address 
are ignored. The number of address bytes can 
be extended under software control. For 
receiving data, an interrupt on the first 
received character, or an interrupt on every 
character, or on special condition only (end- 
of-frame) can be selected. The receiver 
automatically deletes all Os inserted by the 
transmitter during character assembly. CRC is 
also calculated and is automatically checked to 
validate frame transmission. At the end of 
transmission, the status of a received frame is 
available in the status registers. In SDLC 
mode, the SCC must be programmed to use 
the SDLC CRC polynomial, but the generator 
and checker may be preset to all Is or all Os. 


SYNC SYNC SYNC DATA DATA DATA DATA 
Semen een 
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Figure 4. Detecting 5- or 7-Bit Synchronous Characters 
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The CRC is inverted before transmission and 
the receiver checks against the bit pattern 
0001110100001111. 

NRZ, NRZI or FM coding may be used in any 
lx mode. The parity options available in Asyn- 
chronous modes are available in Synchronous 
modes. 

The SCC can be conveniently used under 
DMA control to provide high speed reception 
or transmission. In reception, for example, the 
SCC can interrupt the CPU when the first 
character of a message is received. The CPU 
then enables the DMA to transfer the message 
to memory. The SCC then issues an end-of- 
frame interrupt and the CPU can check the 
status of the received message. Thus, the CPU 
is freed for other service while the message is 
being received. The CPU may also enable the 
DMA first and have the SCC interrupt only on 
end-of-frame. This procedure allows all data to 
be transferred via the DMA. 


SDLC Loop Mode. The SCC supports SDLC 
Loop mode in addition to normal SDLC. In an 
SDLC Loop, there is a primary controller 
station that manages the message traffic flow 
on the loop and any number of secondary 
stations. In SDLC Loop mode, the SCC per- 
forms the functions of a secondary station 
while an SCC operating in regular SDLC 
mode can act as a controller (Figure 5). 

A secondary station in an SDLC Loop is 
always listening to the messages being sent 
around the loop, and in fact must pass these 
messages to the rest of the loop by retrans- 
mitting them with a one-bit-time delay. The 
secondary station can place its own message 
on the loop only at specific times. The con- 
troller signals that secondary stations may 
transmit messages by sending a special 
character, called an EOP (End Of Poll), 
around the loop. The EOP character is the bit 
pattern 11111110. Because of zero insertion 
during messages, this bit pattern is unique and 
easily recognized. 

When a secondary station has a message to 
transmit and recognizes an EOP on the line, it 


CONTROLLER 
SECONDARY #1 SECONDARY #4 


SECONDARY #2 SECONDARY #3 


Figure 5. An SDLC Loop 


changes the last binary 1 of the EOP to a 0 
before transmission. This has the effect of turn- 
ing the EOP into a flag sequence. The secon- 
dary station now places its message on the loop 
and terminates the message with an EOP. Any 
secondary stations further down the loop with 
messages to transmit can then append their 
messages to the message of the first secondary 
station by the same process. Any secondary 
stations without messages to send merely echo 
the incoming messages and are prohibited 
from placing messages on the loop (except 
upon recognizing an EOP). 

SDLC Loop mode is a programmable option 
in the SCC. NRZ, NRZI, and FM coding may 
all be used in SDLC Loop mode. 


Baud Rate Generator. Each channel in the 
SCC contains a programmable baud rate 
generator. Each generator consists of two 8-bit 
time constant registers that form a 16-bit time 
constant, a 16-bit down counter, and a flip-flop 
on the output producing a square wave. On 
startup, the flip-flop on the output is set in a 
High state, the value in the time constant 
register is loaded into the counter, and the 
counter starts counting down. The output of 
the baud rate generator toggles upon reaching 
0, the value in the time constant register is 
loaded into the counter, and the process is 
repeated. The time constant may be changed 
at any time, but the new value does not take 
effect until the next load of the counter. 

The output of the baud rate generator may 
be used as either the transmit clock, the 
receive clock, or both. It can also drive the 
Digital Phase-Locked Loop (see next section). 

If the receive clock or transmit clock is not 
programmed to come from the TRxC pin, the 
output of the baud rate generator may be 
echoed out via the TRxC pin. 

The following formula relates the time con- 
stant to the baud rate (the baud rate is in 
bits/second and the BR clock period is in 
seconds): 


] 
2 (time constant + 2) x (BR clock period) 


baud rate = 

Digital Phase-Locked Loop. The SCC con- 
tains a Digital Phase-Locked-Loop (DPLL) to 
recover clock information from a data stream 
with NRZI or FM encoding. The DPLL is driven 
by a clock that is nominally 32 (NRZI) or 16 
(FM) times the data rate. The DPLL uses this 
clock, along with the data stream, to construct 
a clock for the data. This clock may then be 
used as the SCC receive clock, the transmit 
clock, or both. 

For NRZI encoding, the DPLL counts the 32x 
clock to create nominal bit times. As the 32x 
clock is counted, the DPLL is searching the 
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incoming data stream for edges (either 1 to 0 
or 0 to 1). Whenever an edge is detected, the 
DPLL makes a count adjustment (during the 
next counting cycle), producing a terminal 
count closer to the center of the bit cell. 

For FM encoding, the DPLL still counts from 
0 to 31, but with a cycle corresponding to two 
bit times. When the DPLL is locked, the clock 
edges in the data stream should occur between 
counts 15 and 16 and between counts 31 and 
0. The DPLL looks for edges only during a 
time centered on the 15 to 16 counting 
transition. 

The 32x clock for the DPLL can be pro- 
grammed to come from either the RTxC input 
or the output of the baud rate generator. The 
DPLL output may be programmed to be 
echoed out of the SCC via the TRxC pin (if 
this pin is not being used as an input). 


Data Encoding. The SCC may be pro- 
grammed to encode and decode the serial data 
in four different ways (Figure 6). In NRZ 
encoding, a 1 is represented by a High level 
and a 0 is represented by a Low level. In NRZI 
encoding, a 1 is represented by no change in 
level and a 0 is represented by a change in 
level. In FM1 (more properly, bi-phase mark), 
a transition occurs at the beginning of every 
bit cell. A 1 is represented by an additional 
transition at the center of the bit cell and a 0 is 
represented by no additional transition at the 
center of the bit cell. In FMO (bi-phase space), 
a transition occurs at the beginning of every 
bit cell. A 0 is represented by an additional 
transition at the center of the bit cell, anda 1 
is represented by no additional transition at 
the center of the bit cell. In addition to these 
four methods, the SCC can be used to decode 
Manchester (bi-phase level) data by using the 
DPLL in the FM mode and programming the 
receiver for NRZ data. Manchester encoding 
always produces a transition at the center of 
the bit cell. If the transition is 0 to 1, the bit is 
a QO. If the transition is 1 to O, the bit is a 1. 


DATA 1 1 0 


Auto Echo and Local Loopback. The SCC is 
capable of automatically echoing everything it 
receives. This feature is useful mainly in 
Asynchronous modes, but works in Syn- 
chronous and SDLC modes as well. In Auto 
Echo mode, TxD is RxD. Auto Echo mode can 
be used with NRZI or FM encoding with no 
additional delay, because the data stream is 
not decoded before retransmission. In Auto 
Echo mode, the CTS input is ignored as a 
transmitter enable (although transitions on this 
input can still cause interrupts if programmed 
to do so). In this mode, the transmitter is 
actually bypassed and the programmer is 
responsible for disabling transmitter interrupts 
and WAIT/REQUEST on transmit. 

The SCC is also capable of local loopback. 
In this mode TxD is RxD, just as in Auto Echo 
mode. However, in Local Loopback mode, the 
internal transmit data is tied to the internal 
receive data and RxD is ignored (except to be 
echoed out via TxD). The CTS and DCD 
inputs are also ignored as transmit and receive 
enables. However, transitions on these inputs 
can still cause interrupts. Local Loopback 
works in Asynchronous, Synchronous and 
SDLC modes with NRZ, NRZI or FM coding of 
the data stream. 


I/O Interface Capabilities. The SCC offers 
the choice of Polling, Interrupt (vectored or 
nonvectored), and Block Transfer modes to 
transfer data, status, and control information to 
and from the CPU. The Block Transfer mode 
can be implemented under CPU or DMA 
control. 


Polling. All interrupts are disabled. Three 
status registers in the SCC are automatically 
updated whenever any function is performed. 
For example, end-of-frame in SDLC mode 
sets a bit in one of these status registers. The 
idea behind polling is for the CPU to 
periodically read a status register until the 
register contents indicate the need for data to 
be transferred. Only one register needs to be 


Figure 6. Data Encoding Methods 
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read; depending on its contents, the CPU 
either writes data, reads data, or continues. 
Two bits in the register indicate the need for 
data transfer. An alternative is a poll of the 
Interrupt Pending register to determine the 
source of an interrupt. The status for both 
channels resides in one register. 


Interrupts. When an SCC responds to an 
Interrupt Acknowledge signal (INTACK) from 
the CPU, an interrupt vector may be placed on 
the data bus. This vector is written in WR2 and 
may be read in RR2A or RR2B (Figures 10 
and 11). 

To speed interrupt response time, the SCC 
can modify three bits in this vector to indicate 
status. If the vector is read in Channel A, 
status is never included; if it is read in 
Channel B, status is always included. 

Each of the six sources of interrupts in the 
SCC (Transmit, Receive, and External/Status 
interrupts in both channels) has three bits 
associated with the interrupt source: Interrupt 
Pending (IP), Interrupt Under Service (IUS), 
and Interrupt Enable (IE). Operation of the IE 
bit is straightforward. If the IE bit is set for a 
given interrupt source, then that source can 
request interrupts. The exception is when the 
MIE (Master Interrupt Enable) bit in WR9 is 
reset and no interrupts may be requested. The 
IE bits are write only. 

The other two bits are related to the inter- 
rupt priority chain (Figure 7). Asa 
microprocessor peripheral, the SCC may 
request an interrupt only when no higher 
priority device is requesting one, e.g., when 
IEI is High. If the device in question requests 
an interrupt, it pulls down INT. The CPU then 
responds with INTACK, and the interrupting 
device places the vector on the data bus. 

In the SCC, the IP bit signals a need for 
interrupt servicing. When an IP bit is 1 and 
the IEI input is High, the INT output is pulled 
Low, requesting an interrupt. In the SCC, if 
the IE bit is not set by enabling interrupts, 
then the IP for that source can never be set. 
The IP bits are readable in RR3A. 

The IUS bits signal that an interrupt request 
is being serviced. If an IUS is set, all interrupt 
sources of lower priority in the SCC and 
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external to the SCC are prevented from 
requesting interrupts. The internal interrupt 
sources are inhibited by the state of the inter- 
nal daisy chain, while lower priority devices 
are inhibited by the IEO output of the SCC 
being pulled Low and propagated to subse- 
quent peripherals. An IUS bit is set during an 
Interrupt Acknowledge cycle if there are no 
higher priority devices requesting interrupts. 

There are three types of interrupts: 
Transmit, Receive, and External/Status. Each 
interrupt type is enabled under program con- 
trol with Channel A having higher priority 
than Channel B, and with Receiver, Transmit, 
and External/Status interrupts prioritized in 
that order within each channel. When the 
Transmit interrupt is enabled, the CPU is 
interrupted when the transmit buffer becomes 
empty. (This implies that the transmitter must 
have had a data character written into it so 
that it can become empty.) When enabled, the 
receiver can interrupt the CPU in one of three 
ways: 


m@ Interrupt on First Receive Character or 
Special Receive Condition. 


@ Interrupt on All Receive Characters or 
Special Receive Condition. 


@ Interrupt on Special Receive Condition 


Only. 


Interrupt on First Character or Special Con- 
dition and Interrupt on Special Condition Only 
are typically used with the Block Transfer 
mode. A Special Receive Condition is one of 
the following: receiver overrun, framing error 
in Asynchronous mode, end-of-frame in SDLC 
mode and, optionally, a parity error. The 
Special Receive Condition interrupt is different 
from an ordinary receive character available 
interrupt only in the status placed in the vector 
during the Interrupt Acknowledge cycle. In 
Interrupt on First Receive Character, an inter- 
rupt can occur from Special Receive Condi- 
tions any time after the first receive character 
interrupt. 

The main function of the External/Status 
interrupt is to monitor the signal transitions of 


the CTS, DCD, and SYNC pins; however, an 
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Figure 7. Interrupt Schedule 
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External/Status interrupt is also caused by a 
Transmit Underrun condition, or a zero count 
in the baud rate generator, or by the detection 
of a Break (Asynchronous mode), Abort (SDLC 
mode) or EOP (SDLC Loop mode) sequence in 
the data stream. The interrupt caused by the 
Abort or EOP has a special feature allowing 
the SCC to interrupt when the Abort or EOP 
sequence is detected or terminated. This 
feature facilitates the proper termination of the 
current message, correct initialization of the 
next message, and the accurate timing of the 
Abort condition in external logic in SDLC 
mode. In SDLC Loop mode, this feature allows 
secondary stations to recognize the wishes of 
the primary station to regain control of the 
loop during a poll sequence. 


The SCC internal structure includes two full- 
duplex channels, two baud rate generators, 
internal control and interrupt logic, and a bus 
interface to a nonmultiplexed bus. Associated 
with each channel are a number of read and 
write registers for mode control and status 
information, as well as logic necessary to inter- 
face to modems or other external devices 
(Figure 8). 

The logic for both channels provides 
formats, synchronization, and validation for 
data transferred to and from the channel inter- 
face. The modem control inputs are monitored 
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CPU/DMA Block Transfer. The SCC provides 
a Block Transfer mode to accommodate CPU 
block transfer functions and DMA controllers. 
The Block Transfer mode uses the WAIT/ 
REQUEST output in conjunction with the 
Wait/Request bits in WR1. The WAIT/ 
REQUEST output can be defined under soft- 
ware control as a WAIT line in the CPU Block 
Transfer mode or as a REQUEST line in the 
DMA Block Transfer mode. 

To a DMA controller, the SCC REQUEST 
output indicates that the SCC is ready to 
transfer data to or from memory. To the CPU, 
the WAIT line indicates that the SCC is not 
ready to transfer data, thereby requesting that 
the CPU extend the I/O cycle. The DTR/ 
REQUEST line allows full-duplex operation 
under DMA control. 


by the control logic under program control. 
All of the modem control signals are general- 
purpose in nature and can optionally be used 
for functions other than modem control. 

The register set for each channel includes 
ten control (write) registers, two sync- 
character (write) registers, and four status 
(read) registers. In addition, each baud rate 
generator has two (read/write) registers for 
holding the time constant that determines the 
baud rate. Finally, associated with the inter- 
rupt logic is a write register for the interrupt 
vector accessible through either channel, a 
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write only Master Interrupt Control register 
and three read registers: one containing the 
vector with status infomation (Channel B only), 
one containing the vector without status | 
(Channel A only), and one containing the 
Interrupt Pending bits (Channel A only). 

The registers for each channel are 
designated as follows: 


WRO-WR15 — Write Registers 0 through 15. 


RRO-RR3, RR1O, RR12, RR13, RR15 — Read 
Registers 0 through 3, 10, 12, 13, 15. 


Table 1 lists the functions assigned to each 
read or write register. The SCC contains only 
one WR2 and WR39, but they can be accessed 
by either channel. All other registers are 
paired (one for each channel). 


Data Path. The transmit and receive data path 
illustrated in Figure 9 is identical for both 
channels. The receiver has three 8-bit buffer 
registers in an FIFO arrangement, in addition 
to the 8-bit receive shift register. This scheme 
creates additional time for the CPU to service 
an interrupt at the beginning of a block of 
high speed data. Incoming data is routed 
through one of several paths (data or CRC) 
depending on the selected mode (the character 
length in Asynchronous modes also determines 
the data path). 

The transmitter has an 8-bit Transmit Data 
buffer register loaded from the internal data 
bus and a 20-bit Transmit Shift register that 
can be loaded either from the synchronous 
character registers or from the Transmit Data 
register. Depending on the operational mode, 
outgoing data is routed through one of four 
main paths before it is transmitted from the 
Transmit Data output (TxD) 


The SCC contains 13 write registers in each 
channel that are programmed by the system 
separately to configure the functional per- 
sonality of the channels. 

In the SCC, register addressing is direct for 
the data registers only, which are selected by 
a High on the D/C pin. In all other cases (with 
the exception of WRO and RRO), programming 
the write registers requires two write opera- 
tions and reading the read registers requires 
both a write and a read operation. The first 
write is to WRO and contains three bits that 
point to the selected register. The second write 
is the actual control word for the selected 
register, and if the second operation is read, 


Read Register Functions . 


RRO Transmit/Receive buffer status and External status 

RR1 Special Receive Condition status 

RR2 Modified interrupt vector (Channel B only) 
Unmodified interrupt vector (Channel A only) 

RR3 Interrupt Pending bits (Channel A only) 

RR8 Receive buffer 

RR1O =Miscellaneous status 

RR12 _ Lower byte of baud rate generator time constant 

RR13 Upper byte of baud rate generator time constant 

RR15 __—‘External/Status interrupt information 

Write Register Functions 

WRO CRC initialize, initialization commands for the 
various modes, Register Pointers 

WRI Transmit/Receive interrupt and data transfer mode 
definition 

WR2 Interrupt vector (accessed through either channel) 

WR3 Receive parameters and control 

WR4 Transmit/Receive miscellaneous parameters and 
modes 

WR5 Transmit parameters and controls 

WR6 Sync characters or SDLC address field 

WR7 Sync character or SDLC flag 

WR8 Transmit buffer 

WRY Master interrupt control and reset (accessed 
through either channel) 

WRI10 Miscellaneous transmitter/receiver control bits 

WR11 = Clock mode control 

WR12_ Lower byte of baud rate generator time constant 

WR13 Upper byte of baud rate generator time constant 

WR14_ Miscellaneous control bits 

WRI15 _ External/Status interrupt control 


Table 1. Read and Write Register Functions 


the selected read register is accessed. All of 
the registers in the SCC, including the data 
registers, may be accessed in this fashion. The 
pointer bits are automatically cleared after the 
read or write operation so that WRO (or RRO) is 
addressed again. 

The system program first issues a series of 
commands to initialize the basic mode of 
operation. This is followed by other commands 
to qualify conditions within the selected mode. 
For example, the Asynchronous mode, 
character length, clock rate, number of stop 
bits, even or odd parity might be set first. 
Then the interrupt mode would be set, and 
finally, receiver or transmitter enable. 


(Channel B). RR3 contains the Interrupt Pen- 
ding (IP) bits (Channel A). Figure 10 shows 
the formats for each read register. 

The status bits of RRO and RR1 are carefully 
grouped to simplify status monitoring; e.g., 


Programming Read Registers. The SCC contains eight read 

(Continued) registers (actually nine, counting the receive 
buffer (RR8) in each channel). Four of these 
may be read to obtain status information (RRO, 
RR1, RR1O, and RR15). Two registers (RR12 
and RR13) may be read to learn the baud rate when the interrupt vector indicates a Special 
generator time constant. RR2 contains either Receive Condition interrupt, all the appro- 
the unmodified interrupt vector (Channel A) or priate error bits can be read from a single 
the vector modified by status information register (RR1). 
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Read Register 0 


| b Rx CHARACTER AVAILABLE 
ZERO COUNT 

Tx BUFFER EMPTY 

DCD 

SYNC/HUNT 

CTS 


Tx UNDERRUN/EOM 
BREAK/ABORT 


Read Register 1 


[7 | Bs] Bs [D4 | Os ] 2/0] Do, 


| L ALL SENT 
RESIDUE CODE 2 
RESIDUE CODE 1 


RESIDUE CODE 0 
PARITY ERROR 

Rx OVERRUN ERROR 
CRC/FRAMING ERROR 
END OF FRAME (SDLC) 


Read Register 2 


Read Register 10 


[>-[b.[os[>.]o3[o=[>s[o.] 

_ 
ON LOOP 
0 
0 
LOOP SENDING 
0 
TWO CLOCKS MISSING 
ONE CLOCK MISSING 


Read Register 12 
[Pr] Be | Bs [Ds [3] Ds | Ds | Do 


[be 

TC; 
TC2 
TCs \ LowER BYTE OF 
Tc, { TIME CONSTANT 
TCs 
TC. 
TC7 


Read Register 13 


[Dy [Dg [Ds [Dy | Ds | Dz | Ds | Do [Dy | Dg | Ds | Dy [Ds | De | Dy | Do | 
| Vo | L TCs 
Vi TCg 
V2 TC10 
V3 TCH 


*MODIFIED IN B CHANNEL 


Read Register 3 


[Dr | Be | Ds [Ds [Ds ] D2 | Dy | Do, 


| Le CHANNEL B EXT/STAT IP* 
CHANNEL B Tx IP* 
CHANNEL B Rx IP* 


CHANNEL A EXTI/STAT !P* 
CHANNEL A Tx IP* 
CHANNEL A Rx IP* 
0 
~ 0 
*ALWAYS 0 IN B CHANNEL 


INTERRUPT VECTOR * 


UPPER BYTE OF 
TCi2 TIME CONSTANT 


TCi3 
TC14 
TCi5 


Read Register 15 


[Dr | Be [Ds [Ds | Da | D2] Dy | Do) 


| L, 
Bs ZERO COUNT IE 
0 
DCDIE 
SYNC/HUNT IE 
CTS IE 
Tx UNDERRUNI/EOM IE 


BREAK/ABORT IE 


Figure 10. Read Register Bit Functions 
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Programming Write Registers. The SCC contains 13 write 


(Continued) 


registers (14 counting WR8, the transmit 


buffer) in each channel. These write registers 
are programmed separately to configure the 
functional “personality” of the channels. In 
addition, there are two registers (WR2 and 


Write Register 0 


[Br] Be | Ds | De | Da [Da | Dy | Do, 


10 | 0} 0| REGISTER 0 
10] 0| 1| REGISTER 1 
10 | 1] 0| REGISTER 2 
10] 1| 1| REGISTER 3 
| 1 {| 0] 0 | REGISTER 4 
| 1] 0| 1] REGISTER 5 
| 111] 0 | REGISTER 6 
11] 1] 1] REGISTER 7 
| 0 | 0 | 0 | REGISTER 8 
|0| 0| 1] REGISTER 9 
10 | 1| 0 | REGISTER 10 
| 0] 1] 1] REGISTER 11 
+[0{0|neaistern12 (— 
14] 0| 1] REGISTER 13 
14] 11 0| REGISTER 14 
1141] 1] REGISTER 15 


10 | 0 | 0} NULL CODE 
|o| 0] 1 | POINT HIGH 


Fol 1] 0) RESET EXT/STAT INTERRUPTS 


| 0] 1 | 1 | SEND ABORT (SDLC) 

| 4] 0] 0 | ENABLE INT ON NEXT Rx CHARACTER 
| 4] 0] 1 | RESET TxINT PENDING 

4] 14] 0 | ERROR RESET 

11] 1| 1 | RESET HIGHEST IUS 


| 0 | 0 | NULL CODE 
| o| 1 | RESET Rx CRC CHECKER 
| 1| 0 | RESET Tx CRC GENERATOR 


| 1| 1 | RESET Tx UNDERRUN/EOM LATCH 


*WITH POINT HIGH COMMAND 


Write Register 1 

[Br [De | Ds | Dg | Bs [2 [Dy | Do | 

| (. EXT INT ENABLE 
Tx INT ENABLE 


10 | 0 | Rx INT DISABLE 


| 1 | 1 | Rx INT ON SPECIAL CONDITION ONLY 


WAIT/DMA REQUEST ENABLE 


Write Register 2 


[Br | Be [Ds [Bs | Ds | Os | Ds [Do | 


V3 INTERRUPT 
V4 VECTOR 


PARITY !S SPECIAL CONDITION 


SYNC7 
SYNC, 
SYNC7 
SYNC3 
ADR? 
ADR7 


| 0 | 1 | Rx INT ON FIRST CHARACTER OR SPECIAL CONDITION 
| 1 | 0 | INT ON ALL Rx CHARACTERS OR SPECIAL CONDITION 


WAITIDMA REQUEST ON RECEIVE/TRANSMIT 
WAITIDMA REQUEST FUNCTION 


SYNCg5 
SYNCo 
SYNC. 
SYNC2 
ADRs 
ADRs 


WR9) shared by the two channels that may be 
accessed through either of them. WR2 contains 
the interrupt vector for both channels, while 
WR9 contains the interrupt control bits. Figure 
11 shows the format of each write register. 


Write Register 3 


[Dr | Be [Ds [De | Da [De | Ds | Do 


Rx ENABLE 


r 


Rx CRC ENABLE 
ENTER HUNT MODE 
AUTO ENABLES 


[0 | 0 | Rx 5 BITSICHARACTER 
10 | 1 | Rx 7 BITSICHARACTER 
| 1 | 0 | Rx 6 BITSICHARACTER 
11 | 1 | Rx 8 BITSICHARACTER 


Write Register 4 

[7] De [Ds | Da] Da [De | Ds [De | 

| a PARITY ENABLE 
PARITY EVEN/ODD 

|0 | 0 | SYNC MODES ENABLE 

|0 | 1 | 1 STOP BIT/CHARACTER 


| 1 | 0 | 1% STOP BITSICHARACTER 
| 1] 1 | 2 STOP BITSICHARACTER 


[0 | 0 | 8 BIT SYNC CHARACTER 

10 | 4 | 16 BIT SYNC CHARACTER 
}4 | 0 | SDLC MODE (01111110 FLAG) 
11] 1 | EXTERNAL SYNC MODE 


|o | 0 | x1 CLock MODE 
10} 1 | x16 CLOCK MODE 
| 1 | 0 | x32 CLock MODE 


1 | 1 | X64 CLOCK MODE 


Write Register 5 


[Br | De | Ds {Ds | Bs [D2] Ds | Do) 


|b Tx CRC ENABLE 
RTS 
SDLC/CRC-16 
Tx ENABLE 
SEND BREAK 


To [ 0 | Tx 5 BITS (OR LESS)CHARACTER 
|| 1] Tx 7 BITSICHARACTER 
| 1] 0 | 1x6 BITSICHARACTER 
11 | 1 | Tx 8 BITSICHARACTER 


DTR 


Write Register 6 


[Dr | Bs [Ds | Ds | Da [Ds | Ds [Do | 


SYNC CHARACTER LOAD INHIBIT 
ADDRESS SEARCH MODE (SDLC) 


SYNCs SYNC, SYNC3 SYNC2 SYNC, SYNCp MONOSYNC, 8 BITS 
SYNCs SYNC, SYNC3 SYNC2 SYNC, SYNCg MONOSYNC, 6 BITS 
SYNCs5 SYNCq4 SYNC3 SYNC SYNC; SYNCo BISYNC, 16 BITS 
SYNC; SYNCo 1 1 1 1 BISYNC, 12 BITS 
ADRs ADR, ADR3 ADR2 ADR, ADRo SDLC 

ADRs ADR, x x x x SDLC 


Figure ll. Write Register Bit Functions 


(ADDRESS RANGE) 
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Programming 
(Continued) 


Write Register 7 


TE 


SYNC7 SYNCg5 SYNCs SYNC, SYNC3 SYNC2 SYNC, SYNCyp MONOSYNC, 8 BITS 
SYNCs SYNC, SYNC3 SYNC2 SYNC, SYNCo x x MONOSYNCG, 6 BITS 
SYNC45 SYNC14 SYNC13 SYNC12 SYNC} SYNC10 SYNCg SYNCg __—sCBISYNC, 16 BITS 
SYNC41 SYNCip SYNC 9 SYNC, SYNC7 SYNC5 SYNCs5 SYNC, BISYNC, 12 BITS 

0 1 1 1 1 1 1 0 SDOLC 


Write Register 9 


[Pr [Ds] Ds | De | Da [Da | Ds [Do | 


ie vis 
NV 
DLC 
MIE 
STATUS HIGH/STATUS LOW 
0 
cs 
EA 


| 0 | 0 | NO RESET 
CHANNEL RESET B 


| 1 | 0 | CHANNEL RESET A 


FORCE HARDWARE RESET 


Write Register 10 


[e-[eo]s [><]. [b.], [0] 
|b 6 BIT/8 BIT SYNC 
LOOP MODE 
ABORTIFLAG ON UNDERRUN 
MARKIFLAG IDLE 
GO ACTIVE ON POLL 


10 | 0 | NRZ 
| o} 4 | NAZI 
1 0 | FM1 (TRANSITION = 1) 


| 1] 1 | FMo (TRANSITION = 0) 


CRC PRESET 1/0 


Write Register 11 


[Br] De | Ds [Ds [2 1D, | Ds | Do 


0 | 0 | TRxC OUT = XTAL OUTPUT 

0 | 1 | TRxC OUT = TRANSMIT CLOCK 

| 1 | 0 | TRxC OUT = BR GENERATOR OUTPUT 
| 4] 1 | TRxC OUT = DPLL OUTPUT 


TRxC Ol 


|o | 0 | TRANSMIT CLOCK = ATxC PIN 

lo | 1. | TRANSMIT CLOCK = TRXC PIN 

| 1 | 0 | TRANSMIT CLOCK = BR GENERATOR OUTPUT 
| 1] 1 | TRANSMIT CLOCK = DPLL OUTPUT 


| 0 | 0 | RECEIVE CLOCK = ATxG PIN 

10 | 1 | RECEIVE CLOCK = TAXC PIN 

| 1 | 0 | RECEIVE CLOCK = BR GENERATOR OUTPUT 
| 1] 1 | RECEIVE CLOCK = DPLL OUTPUT 


RTxC XTALINO XTAL 


Write Register 12 


[Dr | Be | Bs | De [2 ] D2 | Ds | 


Le 
TC, 
TCo 
TC3 
TC, 
TCs 
TCé 


Write Register 13 
[Dy | De | Ds | Dy [Ds | Dp | Dy | Do | 


| L TCs 
TCg 
TCi0 
7011 | UPPER BYTE OF 
TCr2 TIME CONSTANT 
TCig 
TC14 


TCi5 


LOWER BYTE OF 
TIME CONSTANT 


Write Register 14 


[Or | De | Bs | Ds [2 ] D2 | Dy | 


| LL BR GENERATOR ENABLE 
BR GENERATOR SOURCE 
DTR/REQUEST FUNCTION 


AUTO ECHO 
LOCAL LOOPBACK 


NULL COMMAND 

ENTER SEARCH MODE 

RESET MISSING CLOCK 
DISABLE DPLL 

SET SOURCE = BR GENERATOR 
SET SOURCE = RTxC 

SET FM MODE 

SET NRZI MODE 


Write Register 15 


[D7] Be [Ds [Ds | Ds | De | Dy | Do 


i 


ZERO COUNT IE 

0 

DCD IE 

SYNC/HUNT IE 

CTS IE 

Tx UNDERRUNI/EOM IE 
BREAK/ABORT IE 


Figure 11. Write Register Bit Functions (Continued) 
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Timing 


The SCC generates internal control signals 
from WR and RD that are related to PCLK. 
Since PCLK has no phase relationship with 
WR and RD, the circuitry generating these 
internal control signals must provide time for 
metastable conditions to disappear. This gives 
rise to a recovery time related to PCLK. The 
recovery time applies only between bus trans- 
actions involving the SCC. The recovery time 
required for proper operation is specified from 
the rising edge of WR or RD in the first trans- 


action involving the SCC to the falling edge of 


WR or RD in the second transaction involving 


the SCC. This time must be at least 6 PCLK 
cycles plus 200 ns. 


Read Cycle Timing. Figure 12 illustrates _ 
Read cycle timing. Addresses on A/B and D/C 
and the status on INTACK ‘K must remain stable 
throughout the cycle. If CE falls after RD falls 
or if it rises before RD rises, the effective RD is 
shortened. 


INTACK 


Figure 12. Read Cycle Timing 


Write Cycle Timing. Figure 13 illustrates 
Write cycle timing. Addresses on A/B and D/C 
and the status on INTACK must remain stable 


throughout the cycle. If CE falls after WR falls 
or if it rises before WR rises, the effective WR 
is shortened. 


AiB, DIC ADDRESS VALID 


INTACK 


DATA VALID 


eS Gaearee "ee: 
a 
2 re ae 


Figure 13. Write Cycle Timing 


Interrupt Acknowledge Cycle Timing. Figure 
14 illustrates Interrupt Acknowledge cycle 
timing. Between the time INTACK goes Low 
and the falling edge of RD, the internal and 
external IEI/IEO daisy chains settle. If there is 
an interrupt pending in the SCC and IEI is 


High when RD falls, the Acknowledge cycle is 
intended for the SCC. In this case, the SCC 
may be programmed to respond to RD Low by 
placing its interrupt vector on Do-D7 and it 
then sets the appropriate Interrupt-Under- 
Service latch internally. 


wre —\ p= 


Figure 14. Interrupt Acknowledge Cycle Timing 
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Absolute Voltages on all inputs and outputs 


Stresses greater than those listed under Absolute Max1- 


Maximum with respect toGND.......... -0.3Vto+7.0V mum Ratings may cause permanent damage to the device. 
Ratinas This 1s a stress rating only; operation of the device at any 
g Operating Ambient condition above those indicated in the operational sections 
Temperature ...........20000. As Specified in of these specifications 1s not implied. Exposure to absolute 
Ordering Information maximum rating conditions for extended periods may affect 
device reliability 
Storage Temperature........ -65°C to +150°C 
Standard The characteristics below apply for the @+4.75V s Veo Ss +5.25 V 
Test = following standard test conditions, unless = GND =OV 
Conditions otherwise noted. All voltages are referenced to at Fe ee eer ere t 
GND. Positive current flows into the refer- alee ei eee tec ra 
enced pin. Standard conditions are as follows: All ac parameters assume a load capacitance 
of 50 pF max. 
+5V 
21K +5V 
PAINDER TEST 2.2K 
FROM OUTPUT 
UND ST 
ee 250 NDER TE 
| i pF 
Figure 15. Standard Test Load Figure 16. Open-Drain Test Load 
DC Symbol Parameter Min Max Unit Condition 
Charac- 
teristics Vin Input High Voltage 2.0 Veco +0.3 V 
Vin Input Low Voltage -0.3 0.8 V 
Vou Output High Voltage 2.4 V lou = — 250 pA 
VoL Output Low Voltage 0.4 V Io, = +2.0 mA 
hh Input Leakage + 10.0 pA 0.4 < Vin Ss +2.4V 
lo Output Leakage + 10:0 pA 0.4 <= Vout s +2.4V 
loc Vec Supply Current 250 mA 


Vec= 5 V + 5% unless otherwise specified, over specified temperature range 


Capacitance Symbol Parameter Min 
Cin Input Capacitance 
Court Output Capacitance 
Cryo Bidirectional Capacitance 


f = | MHz, over specified temperature range 


Max Unit Test Condition 
10 pF Unmeasured Pins 
19 pF Returned to Ground 
20 pF 


BT] 
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Read and 


Write PCLK 
Timing 
AIB, DIC ) 
a 
LL 
INTACK 
CE 
RD 
Do-D7 
READ 
WR 
Do-D7 
WRITE 
WIREQ 
WAIT 
WIREQ 
REQUEST 
DTRIREG 
REQUEST 
_ 
No. Symbol Parameter 
1 TwPCl PCLK Low Width 
2  TwPCh PCLK High Width 
3 T£PC PCLK Fall Time 
4 TrPC PCLK Rise Time 
5 ——-TcePC ——--—--—- PCLK Cycle Time 
6  TsA(WR) Address to WR } Setup Time 
7 ThA(WR) Address to WR t Hold Time 
8  TsA(RD) Address to RD } Setup Time 
9  ThA(RD) Address to RD t Hold Time 
10 —— TsIA(PC) INTACK to PCLK t Setup Time 
11 TsIAi(WR) INTACK to WR } Setup Time 
12. ThIA(WR) INTACK to WR t Hold Time 
13. TsIAi(RD) INTACK to RD } Setup Time 
14. ThIA(RD) INTACK to RD t Hold Time 


15 — ThIA(PC) INTACK to PCLK ft Hold Time 
16 TsCE1(WR) CE Low to WR } Setup Time 
17. ThCE(WR) CE to WE t Hold Time 

18 TsCEh(WR) High to WR |} Setup Time 
19 TsCEI1(RD) Low to RD | Setup Time 
20 —- ThCE(RD) ——— to RD t Hold Time 

21 TsCEh(RD) High to RD | Setup Time 
22 ‘TwRD1 

23 TdRD(DRA) 
24  TdRDr(DR) 
25  TdRDf(DR) 
26 TdRD(DRz) 


NOTES: 

1. Parameter does not apply to Interrupt Acknowledge 
transactions. 

2. Float delay 1s defined as the time required for a +0.5 V change 


lelglalaigiaiel 


to Read Data Valid Delay 
to Read Data Float Delay 


oS) 


D 


ie 

! to Read Data Active Delay 

t to Read Data Not Valid Delay 
| 
t 


(36) 
as. 
4 MHz 6 MHz 
Min Max Min Max Notes* tT 
105 2000 70 1000 
105 2000 70 1000 
20 10 
20 15 
250 —— 4000 ———— 165 —— 2000 
80 80 
0 0 
80 80 
0 0 
0 0 
200 160 l 
0 0 
200 160 l 
0 0 
100 100 
0 0 
0 0 
100 70 
0 0 ] 
0 0 ]—- 
100 70 ] 
390 250 l 
0 0 
0 0 
250 180 
70 45 2 


in the output with a maximum dc load and minimum ac load. 
* Timings are preliminary and subject to change. 
+t Units in nanoseconds (ns). 
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Interrupt 


Acknowledge PCLK 
Timing 
INTACK 1 
(10)—\<-» -<——G)———> 
RD 
Do-D7 


Reset 
Timing 


Cycle 
Timing 


(49) 
RD or WR 


No. Symbol Parameter 

27 TdA(DR) Address Required Valid to Read Data Valid Delay 
28 TwWRI1 WR Low Width __ 

29 TsDW(WR) Write Data to WR | Setup Time 

30 ThDW(WR) Write Data to WR f Hold Time 

31— TdWR(W) ——— WR |} to Wait Valid Delay 

32 TdRD(W) RD ! to Wait Valid Delay 


33. TdWRf(REQ) WR !} to W/REO Not Valid Delay 
34 TdRDfREQ) RD | to W/REQ Not Valid Delay 
35  TdWRr(REQ) WR t to DTR/REQ Not Valid Delay 


36 — TdRDr(REQ)-— RD t to DTR/REO Not Valid Delay 


37. TdPC(INT) PCLK | to INT Valid Delay 

38 TdlAi(RD) INTACK to RD | (Acknowledge) Delay 

39 TwRDA RD (Acknowledge) Width 

40 —- TdRDA(DR) —— RD } (Acknowledge) to Read Data Valid Delay 
4] TsIEI(RDA) IEI to RD } (Acknowledge) Setup Time 

42 ThlEI(RDA) IEI to RD t (Acknowledge) Hold Time 

43 TdlEI(IEO) IEI to IEO Delay Time : 

44. TdPC(IEO) PCLK t to IEO Delay 


45 — TdRDA(INT) —— RD } to INT Inactive Delay 
46 TdRD(WRQ) RD t to WR } Delay for No Reset 
47 TdWRQO(RD) WR f to RD | Delay for No Reset 


48 TwRES WR and RD Coincident Low for Reset 
49 Tre Valid Access Recovery Time 
NOTES: 


3 Parameter applies only between transactions involving the SCC. 

4, Open-drain output, measured with open-drain test load 

5 Parameter is system dependent. For any SCC in the daisy 
chain, TdIA1(RD) must be greater than the sum of TdPC(IEO) 
for the highest priority device in the daisy chain, TsIEI(RDA) 


2023-007, 008, 009 


4 MHz 
Min Max 
590 
390 
0 
0 
240 
240 
240 
240 
5TcPC 
+ 300 
5TcPC 
+ 300 
500 
250 
285 
190 
120 
0 
120 
250 
500 
30 
30 
250 
6TcPC 
+ 200 


6 MHz 
Min Max 
420 
250 
0 
0 
200 
200 
200 
200 
5TcPC 
+ 250 
5TcPC 
+250 
500 
250 
250 
180 
100 
0 
100 
250 
500 
1S 
30 
250 
6TcPC 
+ 130 


Notes*t 


for the SCC, and TdIEIf(IEO) for each device separating them 


in the daisy chain. 


* Timings are preliminary and subject to change. 


t Units in nanoseconds (ns). 
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General 
Timing — PCLK 


WIREQ 
REQUEST 


WIREQ 
WAIT 


RTxC, TRxC 
RECEIVE 


SYNC 
EXTERNAL 


TRxC, RTxC 
TRANSMIT 


TxD 


TRxC 
OUTPUT 


© __— 
ee 
(10) 
maaan camara (12) 


> 
~ 


SGT PLE SEL EL EE I SK EET BS A PD ET TOD LI SEN ERE EDT FEE II EEN PS EP LE LE SSE TE I SEG PE SD IL TI TD IE I I NT TTT EGET EEE TENTS EE EE EEF ETS 
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4 MHz 6 MHz 


No. Symbol Parameter Min Max Min Max Notes*t 
1 TdPC(REQ) PCLK | to W/REOQ Valid Delay 250 250 
2 TdPC(W) PCLK |! to Wait Inactive Delay 350 350 
3 TsRXC(PC) RxC t to PCLK 1 Setup Time (PCLK + 4 case only) 80 TwPCl 70 TwPCl 1,4 
4  TsRXD(RXCr) RxD to RxC t Setup Time (X1 Mode) 0 0 ] 
5 — ThRXD(RXCr) — RxD to RxC t Hold Time (X1 Mode) ———-———- 150 ———-__- 150 --_____ 1 — 
6 TsRXD(RXCf) RxD to RxC | Setup Time (X1 Mode) 0 0 1,5 
7  ThRXD(RXCf) RxD to RxC | Hold Time (X1 Mode) 150 150 5 
8 TsSY(RXC) SYNC to RxC t Setup Time -200 -200 ] 
9 ThSY(RXC) SYNC to RxC t Hold Time 3TcPC 3TcPC 
+ 200 + 200 l 
10 — TsTXC(PC) TxC ! to PCLK 1 Setup Time ———-_________ 0 —_________ 0 ——-2,4— 
ll TdTXCt(TXD) TxC | to TxD Delay (X1 Mode) 300 230 2 
12  TdTXCr(TXD)  TxC t to TxD Delay (X] Mode) 300 230 2,5 
13. TdTXD(TRX) TxD to TRxC Delay (Send Clock Echo) 200 200 
14 TwRTXh RTxC High Width 180 180 
15 — TwRTX1 ———— RTxC Low Width ——--—__-——_——____ 180 —-_ 180 
16 TcRTX RTxC Cycle Time 400 400 
17. TcRTXX Crystal Oscillator Period 250 1000 250 1000 3 
18 TwTRXh TRxC High Width 180 180 
19 TwTRX1 TRxC Low Width 180 180 
20 — TcTRX —————- TRxC Cycle Time ——----_______________ 400 —-— 400 
21 TwEXT DCD or CTS Pulse Width 200 200 
22 TwsSY SYNC Pulse Width 200 200 
NOTES — 
1 RxC is RTxC or TRxC, whichever 1s supplying the receive 4 Parameter applies only if the data rate 1s one-fourth the PCLK 
clock — rate In all other cases, no phase relationship between RxC and 
2 TxC is TRxC or RTxC, whichever is supplying the transmit PCLK or TxC and PCLK 1s required. 
clock nee 5 Parameter applies only to FM encoding/decoding 
3 Both RTxC and SYNC have 30 pF capacitors to ground con- * Timings are preliminary and subject to change. 
nected to them t Units in nanoseconds (ns). 
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System 
es RTx¢, TRxc 
Timing : RECEIVE 


RTxC, TRxC 
TRANSMIT 


W/REQ 
REQUEST 


WIREQ 
WAIT 


DTR/IREQ 
REQUEST 


No. Symbol Parameter 


RxC t to W/REO Valid Delay 
RxC t to Wait Inactive Delay 
TdRXC(SY) RxC 1 to SYNC Valid Delay 
TdRXC(INT) RxC t to INT Valid Delay 


1  TdRXC(REQ) 

2 

3 

4 

5 —TdTXC(REQ) —-TxC ! to W/REO Valid Delay 
6 

7 

8 

9 


TdRXC(W) 


TdTXC(W) TxC | to Wait Inactive Delay 
TdTXC(DRQ)  TxC | to DTR/REQ Valid Delay 
TdTXC(INT) TxC | to INT Valid Delay 
TdSY(INT) SYNC Transition to INT Valid Delay 

10 TdEXT(INT) DCD or CTS Transition to INT Valid Delay 


NOTES 

1 Open-drain output, measured with open-drain test load 

2 RxCis RTxC or TRxC, whichever is supplying the receive 
clock 

3 TxC is TRxC or RTxC, whichever 1s supplying the transmit 
clock. 


4 MHz 6 MHz 
Min Max Min Max Notes*f 
8 12 8 2 2 
8 12 8 12 1,2 
a 4 Ys 2 
10 16 10 16 1,2 
5 —— 8 ———_ 5 ———- 8 ————_ 3 — 
5 8 5 8 Ls 
4 Z 4 3 
6 10 6 10 1,3 
2 6 2 6 ] 
2 6 2 6 ] 


* Timings are preliminary and subject to change 
+t Units equal to TcPC 


SLL SE TRAE TED SE ST SS EET ERS EPS TPS EES DE NE EE SSPE EE 2 EE IEEE EI EE EET TE TIERS LE IIS, 
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Ordering Product Package/ Product Package/ 

Information Number Temp Speed Description Number Temp Speed Description 
28530 CE 4.0 MHz SCC (40-pin) Z28530A CE 6.0 MHz SCC (40-pin) 
Z8530 CM 4.0 MHz Same as above Z8530A CM 6.0 MHz Same as above 
Z8530 CMB 4.0 MHz Same as above Z8530A CMB _ 6.0 MHz Same as above 
Z8530 Ce 4.0 MHz Same as above Z8530A eS 6.0 MHz Same as above 
Z8530 DE 4.0 MHz Same as above Z8530A DE 6.0 MHz Same as above 
Z8530 DS 4.0 MHz Same as above Z8530A DS 6.0 MHz Same as above 
28530 PE 4.0 MHz Same as above Z8530A PE 6.0 MHz Same as above 
Z8530 PS 4.0 MHz Same as above Z8530A PS 6.0 MHz Same as above 


NOTES. C = Ceramic, D = Cerdip, P = Plastic, E = -40°C to +85°C, M = -55°C to 125°C, MB = -55°C to 125°C with MIL-STD-883 
with Class B processing, S = 0°C to +70°C 


A I a BT IL ME LRT ITE I EE TG ES IE SIE EE LIE TE DIET NTT ETON ET EEE TTS TEE EL EEE SIE EEE TIT POSTTEST ET LTE SE TE TE LE PST TL DS IPO PTET EE ETE TER IT EI DITTO i IE IEEE ELT LITE LEI T ES 
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28531 ASCC 
Asynchronous Serial 
Communications Controller 


Product 


a @e _] 
Zilog Specification 
June 1982 
Features @ Two independent, 0 to 1M bit/second, full- m Asynchronous communications with five to 
duplex channels, each with a separate eight bits per character and one, one and 
crystal oscillator, baud rate generator, and one-half, or two stop bits per character; pro- 
Digital Phase-Locked Loop for clock grammable clock factor; break detection 
recovery. and generation; parity, overrun, and 
m Programmable for NRZ, NRZI, or FM data framing error detection. 
encoding. m Local Loopback and Auto Echo modes. 
General The Z8531 ASCC Asynchronous Serial The ASCC also has facilities for modem con- 
Description §= Communications Controller is a dual-channel, trols in both channels, In applications where 
multi-protocol data communications peripheral these controls are not needed, the modem con- 
designed for use with conventional non- trols can be used for general-purpose I/O. 
multiplexed buses. The ASCC functions as a The Z-BUS daisy-chain interrupt hierarchy is 
serial-to-parallel, parallel-to-serial con- also supported—as is standard for Zilog 
verter/controller. The device contains a variety peripheral components. 
of new, sophisticated internal functions in- The Z8531 ASCC is packaged in a 40-pin 
cluding on-chip baud rate generators, Digital ceramic DIP and uses a single +5 V power 
Phase-Locked Loops, and crystal oscillators supply. 
that dramatically reduce the need for external 
logic. 


SERIAL 


DATA Dy Ly 1 

dD; [I 2 

CHANNEL ‘ ‘ 
CLOCKS : 

DATA BUS D 4 
CH-A eee 

CHANNEL INT LYS 

CONTROLS 1co [] 6 

FOR MODEM, 1El 7 

ee INTACK L] 8 

TIMING +5v [J] 9 

AND RESET 


SERIAL 
CONTROL DATA 


CHANNEL 
CLOCKS RxDA 


INTERRUPT TxDA 


CHANNEL CH-B 
CONTROLS DTRIREQA 
FOR MODEM, RTSA 
DMA, OR eo 
OTHER CTSA 


| 
| 


DCDA 


+5V GND PCLK 


Figure 1. Pin Functions Figure 2. Pin Assignments 
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Pin 
Description 


360 


The following section describes the pin 
functions of the ASCC. Figures 1 and 2 detail 
the respective pin functions and pin 
assignments. 


A/B. Channel A/Channel B Select (input). 
This signal selects the channel in which the 
read or write operation occurs. 


CE. Chip Enable (input, active Low). This 
signal selects the ASCC for a read or write 
operation. 


CTSA, CTSB. Clear To Send (inputs, active 
Low). If these pins are programmed as Auto 
Enables, a Low on the inputs enables the 
respective transmitters. If not programmed as 
Auto Enables, they may be used as general- 
purpose inputs. Both inputs are Schmitt-trigger 
buffered to accommodate slow rise-time inputs. 
The ASCC detects pulses on these inputs and 
can interrupt the CPU on both logic level 
transitions. 


D/C. Data/Control Select (input). This signal 
defines the type of information transferred to 
or from the ASCC. A High means data is 


transterred; a Low indicates a command. 


DCDA, DCDB. Data Carrier Detect (inputs, 
active Low). These pins function as receiver 
enables if they are programmed for Auto 
Enables; otherwise they may be used as 
general-purpose input pins. Both pins are 
Schmitt-trigger buffered to accomodate slow 
rise-time signals. The ASCC detects pulses on 
these pins and can interrupt the CPU on both 
logic level transitions. 


Do-Dy7. Data Bus (bidirectional, 3-state). These 
lines carry data and commands to and from 


the ASCC. 


DTR/REQA, DTR/REQB. Data Terminal 
Ready/Request (outputs, active Low). These 
outputs follow the state programmed into the 
DTR bit. They can also be used as general- 
purpose outputs or as Request lines for a DMA 
controller. 


IEI. Jnterrupt Enable In (input, active High). 
IEI is used with JEO to form an interrupt daisy 
chain when there is more than one interrupt- 
driven device. A High IEI indicates that no 
other higher priority device has an interrupt 
under service or is requesting an interrupt. 


IEO. Interrupt Enable Out (output, active 
High). IEO is High only if IEI is High and the 
CPU is not servicing an ASCC interrupt or the 
ASCC is not requesting an interrupt (Interrupt 
Acknowledge cycle only). IEO is connected to 
the next lower priority device’s IEI input and 
thus inhibits interrupts from lower priority 
devices. 


INT. Interrupt Request (output, open-drain, 
active Low). This signal is activated when the 
ASCC requests an interrupt. 


INTACK. /nterrupt Acknowledge (input, active 
Low). This signal indicates an active Interrupt 
Acknowledge cycle. During this cycle, the 
ASCC interrupt daisy chain settles. When RD 
becomes active, the ASCC places an interrupt 
vector on the data bus (if IEI is High). 

INTACK is latched by the rising edge 

of PCLK. 


PCLK. Clock (input). This is the master ASCC 
clock used to synchronize internal signals; 


PCLK is a TTL level signal. 


RD. Read (input, active Low). This signal indi- 
cates a read operation and when the ASCC is 
selected, enables the ASCC’s bus drivers. 
During the Interrupt Acknowledge cycle, this 
signal gates the interrupt vector onto the bus 

if the ASCC 1s the highest priority device 
requesting an interrupt. 


RxDA, RxDB. Receive Data (inputs, active 
High). These input signals receive serial data 
at standard TTL levels. 


RIA, RIB. Aing Indicator (inputs, active Low). 
These pins can act either as inputs, or part of 
the crystal oscillator circuit. In normal mode 
(crystal oscillator option not selected), these 
pins are inputs similar to CTS and DCD. In 
this mode, transitions on these lines affect the 
state of the Ring Indicator status bits in Read 
Register 0 (Figure 8) but have no other func- 
tion. 


RTxCA, RTxCB. Receive/Transmit Clocks 
(inputs, active Low). These pins can be pro- 
grammed in several different modes of opera- 
tion. In each channel, RTxC may supply the 
receive clock, the transmit clock, the clock for 
the baud rate generator, or the clock for the 
Digital Phase-Locked Loop. These pins can 
also be programmed for use with the respec- 
tive RI pins as a crystal oscillator. The receive 
clock may be 1, 16, 32, or 64 times the data 
rate in Asynchronous modes. 


RTSA, RTSB. Request To Send (outputs, 
active Low). When the Request To Send (RTS) 
bit in Write Register 5 (Figure 9) 1s set, the 
RTS signal goes Low. When the RTS bit 1s 
reset in the Asynchronous mode and Auto 
Enable is on, the signal goes High after the 
transmitter 1s empty. With Auto Enable off, the 
RTS pin strictly follows the state of the RTS bit. 
Both pins can be used as general-purpose 
outputs. 


TxDA, TxDB. Transmit Data (outputs, active 
High). These output signals transmit serial data 
at standard TTL levels. 


TRxCA, TRxCB. Transmit/Receive Clocks 
(inputs or outputs, active Low). These pins can 
be programmed in several different modes of 
operation. TRxC may supply the receive clock 
or the transmit clock in the input mode or sup- 


Pin 
Description 
(Continued) 


ply the output of the Digital Phase-Locked 
Loop, the crystal oscillator, the baud rate 
generator, or the transmit clock in the output 
mode. 

WR. Write (input, active Low). When the 
ASCC is selected, this signal indicates a write 
operation. The coincidence of RD and WR is 
interpreted as a reset. 


W/REQA. W/REQB. Wait/Request (outputs, 
open-drain when programmed for a Wait func- 
tion, driven High or Low when programmed 
for a Request function). These dual-purpose 
outputs may be programmed as Request lines 
for a DMA controller or as Wait lines to syn- 
chronize the CPU to the ASCC data rate. The 


reset state is Wait. 


Functional 
Description 
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The functional capabilities of the ASCC 
can be described from two different points 
of view: as a data communications device, 
it transmits and receives data in a wide 
variety of data communications protocols; as a 
microprocessor peripheral, the ASCC offers 
valuable features such as vectored interrupts, 
polling, and simple handshake capability. 


Data Communications Capabilities. The 
ASCC provides two independent full-duplex 
channels programmable for use in any com- 
mon Asynchronous datacommunication pro- 
tocol. Figure 3 and the following description 
briefly detail this protocol. 

Asynchronous Modes. Transmission and 
reception can be accomplished independently 
on each channel with five to eight bits per 
character, plus optional even or odd parity. 
The transmitters can supply one, one-and-a- 
half, or two stop bits per character and can 
provide a break output at any time. The 
receiver break-detection logic interrupts the 
CPU both at the start and at the end of a 
received break. Reception is protected from 
spikes by a transient spike-rejection 
mechanism that checks the signal one-half a 
bit time after a Low level is detected on the 
receive data input (RxDA or RxDB in 

Figure 1). If the Low does not persist (as in the 
case of a transient), the character assembly 
process does not start. 

Framing errors and overrun errors are 
detected and buffered together with the partial 
character on which they occur. Vectored inter- 
rupts allow fast servicing of error conditions 
using dedicated routines. Furthermore, a 
built-in checking process avoids the interpreta- 
tion of a framing error as a new start bit: a 
framing error results in the addition of one-half 
a bit time to the point at which the search for 
the next start bit begins. 

The ASCC does not require symmetric 
transmit and receive clock signals—a feature 
allowing use of the wide variety of clock 
sources. The transmitter and receiver can 


PARITY 
START STOP 


DATA i 


MARKING LINE 


DATA a 


handle data at a rate of 1, 1/16, 1/32, or 1/64 
of the clock rate supplied to the receive and 
transmit clock inputs. 


Baud Rate Generator. Each channel in the 
ASCC contains a programmable baud rate 
generator. Each generator consists of two 8-bit 
time constant registers that form a 16-bit time 
constant, a 16-bit down counter, and a flip-flop 
on the output producing a square wave. On 
startup, the flip-flop on the output is set in a 
High state, the value in the time constant 
register is loaded into the counter, and the 
counter starts counting down. The output of 
the baud rate generator toggles upon reaching 
0, the value in the time constant register is 
loaded into the counter, and the process is 
repeated. The time constant may be changed 
at any time, but the new value does not take 
effect until the next load of the counter. 

The output of the baud rate generator may 
be used as either the transmit clock, the 
receive clock, or both. It can also drive the 
Digital Phase-Locked Loop (see next section). 

If the receive clock or transmit clock is not 
programmed to come from the TRxC pin, the 
output of the baud rate generator may be 
echoed out via the TRxC pin. 

The following formula relates the time con- 
stant to the baud rate (the baud rate is in 
bits/second and the BR clock period is in 
seconds): 


l 


baud tate \= 2 (amas consiant © 2) (ER Glock penod) 


Digital Phase-Locked Loop. The ASCC con- 
tains a Digital Phase-Locked-Loop (DPLL) to 
recover clock information from a data stream 
with NRZI or FM encoding. The DPLL is driven 
by a clock that is nominally 32 (NRZI) or 16 
(FM) times the data rate. The DPLL uses this 
clock, along with the data stream, to construct 
a clock for the data. This clock may then be 
used as the ASCC receive clock, the transmit 
clock, or both. 


MARKING LINE 


DATA i 


ASYNCHRONOUS 


Figure 3. ASCC Protocol 
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Functional 
Description 
(Continued) 


For NRZI encoding, the DPLL counts the 32x 
clock to create nominal bit times. As the 32x 
clock is counted, the DPLL is searching the 
incoming data stream for edges (either 1 to 0 
or 0 to 1). Whenever an edge is detected, the 
DPLL makes a count adjustment (during the 
next counting cycle), producing a terminal 
count closer to the center of the bit cell. 

For FM encoding, the DPLL still counts from 
0 to 31, but with a cycle corresponding to two 
bit times. When the DPLL is locked, the clock 
edges in the data stream should occur between 
counts 15 and 16 and between counts 31 and 
0. The DPLL looks for edges only during a 
time centered on the 15 to 16 counting 
transition. 

The 32x clock for the DPLL can be pro- 
grammed to come from either the RTxC input 
or the output of the baud rate generator. The 
DPLL output may be programmed to be 
echoed out of the ASCC via the TRxC pin (if 
this pin is not being used as an input). 


Data Encoding. The ASCC may be pro- 
grammed to encode and decode the serial data 
in four different ways (Figure 4). In NRZ 
encoding, a | 1s represented by a High level 
and a 0 is represented by a Low level. In NRZI 
encoding, a | is represented by no change in 
level and a 0 is represented by a change in 
level. In FM1 (more properly, bi-phase mark), 
a transition occurs at the beginning of every 
bit cell. A l is represented by an additional 
transition at the center of the bit cell and a 0 1s 
represented by no additional transition at the 
center of the bit cell. In FMO (bi-phase space), 
a transition occurs at the beginning of every 
bit cell. A 0 is represented by an additional 
transition at the center of the bit cell, anda 1 
is represented by no additional transition at 
the center of the bit cell. In addition to these 
four methods, the ASCC can be used to 
decode Manchester (bi-phase level) data by 
using the DPLL in the FM mode and program- 
ming the receiver for NRZ data. Manchester 
encoding always produces a transition at the 
center of the bit cell. If the transition is 0 to 1, 


the bit is a 0. If the transition is 1 to 0, the bit 
isa l. 


Auto Echo and Local Loopback. The ASCC is 
capable of automatically echoing everything it 
receives. In Auto Echo mode, RxD is con- 
nected to TxD internally. Auto Echo mode can 
be used with NRZI or FM encoding with no 
additional delay, because the data stream is 
not decoded before retransmission. In Auto 
Echo mode, the CTS input is ignored as a 
transmitter enable (although transitions on this 
input can still cause interrupts if programmed 
to do so). In this mode, the transmitter is 
actually bypassed and the programmer is 
responsible for disabling transmitter interrupts 
and WAIT/REQUEST on transmit. 

The ASCC is also capable of local loopback. 
In this mode TxD is connected to RxD intern- 
ally, just as in Auto Echo mode. However, in 
Local Loopback mode, the internal transmit 
data is tied to the internal receive data and 
RxD is ignored (except to be echoed out via 
TxD). The CTS and DCD 
inputs are also ignored as transmit and receive 
enables. However, transitions on these inputs 
can still cause interrupts. Local Loopback 
works with NRZ, NRZI or FM coding of the data 


stream. 


I/O Interface Capabilities. The ASCC offers 
the choice of Polling, Interrupt (vectored or 
nonvectored), and Block Transfer modes to 
transfer data, status, and control information to 
and from the CPU. The Block Transfer mode 
can be implemented under CPU or DMA 
control. 


Polling. All interrupts are disabled. Three 
status registers in the ASCC are automatically 
updated whenever any function is performed. 
The idea behind polling is for the CPU to 
periodically read a status register until the 
register contents indicate the need for data to 
be transferred. Only one register needs to be 
read; depending on its contents, the CPU 
either writes data, reads data, or continues. 
Two bits in the register indicate the need for 


Figure 4. Data Encoding Methods 
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Functional 
Description 
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data transfer. An alternative is a poll of the 
Interrupt Pending register to determine the 
source of an interrupt. The status for both 
channels resides in one register. 


Interrupts. When an ASCC responds to an 
Interrupt Acknowledge signal (INTACK) from 
the CPU, an interrupt vector may be placed on 
the data bus. This vector is written in WR2 and 
may be read in RR2A or RR2B (Figures 8 

and 9). 

To speed interrupt response time, the ASCC 
can modify three bits in this vector to indicate 
status. If the vector is read in Channel A, 
status is never included; if it is read in 
Channel B, status is always included. 

Each of the six sources of interrupts in the 
ASCC (Transmit, Receive, and External/Status 
interrupts in both channels) has three bits 
associated with the interrupt source: Interrupt 
Pending (IP), Interrupt Under Service (IUS), 
and Interrupt Enable (IE). Operation of the IE 
bit is straightforward. If the IE bit is set for a 
given interrupt source, then that source can 
request interrupts. The exception is when the 
MIE (Master Interrupt Enable) bit in WR9 is 
reset and no interrupts may be requested. The 
IE bits are write only. 

The other two bits are related to the inter- 
rupt priority chain (Figure 5). Asa 
microprocessor peripheral, the ASCC may 
request an interrupt only when no higher 
priority device is requesting one, e.g., when 
IEI is High. If the device in question requests 
an interrupt, it pulls down INT. The CPU then 
responds with INTACK, and the interrupting 
device places the vector on the data bus. 

In the ASCC, the IP bit signals a need for 
interrupt servicing. When an IP bit is 1 and 
the IEI input is High, the INT output is pulled 
Low, requesting an interrupt. In the ASCC, if 
the IE bit is not set by enabling interrupts, 
then the IP for that source can never be set. 
The IP bits are readable in RR3A. 

The IUS bits signal that an interrupt request 
is being serviced. If an IUS is set, all interrupt 
sources of lower priority in the ASCC and 
external to the ASCC are prevented from 
requesting interrupts. The internal interrupt 


PERIPHERAL 


1El Do-D7 INT INTACK IEO 


PERIPHERAL 


1El Do-D7 INT INTACK 1EO 


sources are inhibited by the state of the inter- 
nal daisy chain, while lower priority devices 
are inhibited by the IEO output of the ASCC 
being pulled Low and propagated to subse- 
guent peripherals. An IUS bit is set during an 
Interrupt Acknowledge cycle if there are no 
higher priority devices requesting interrupts. 

There are three types of interrupts: 
Transmit, Receive, and External/Status. Each 
interrupt type is enabled under program con- 
trol with Channel A having higher priority 
than Channel B, and with Receiver, Transmit, 
and External/Status interrupts prioritized in 
that order within each channel. When the 
Transmit interrupt is enabled, the CPU is 
interrupted when the transmit buffer becomes 
empty. (This implies that the transmitter must 
have had a data character written into it so 
that it can become empty.) When enabled, the 
receiver can interrupt the CPU in one of three 
ways: 


@ Interrupt on First Receive Character or 
Special Receive Condition. 


@ Interrupt on All Receive Characters or 
Special Receive Condition. 


m@ Interrupt on Special Receive Condition 


Only. 


Interrupt on First Character or Special Con- 
dition and Interrupt on Special Condition Only 
are typically used with the Block Transfer 
mode. A Special Receive Condition is a 
receiver overrun, and, optionally, a parity 
error. The Special Receive Condition interrupt 
is different from an ordinary receive character 
available interrupt only in the status placed in 
the vector during the Interrupt Acknowledge 
cycle. In Interrupt on First Receive Character, 
an interrupt can occur from Special Receive 
Conditions any time after the first receive 
character interrupt. 

The main function of the External/Status 
interrupt is to monitor the signal transitions of 
the CTS, DCD, and RI pins; however, an 
External/Status interrupt is also caused by a 
Transmit Underrun condition, or a zero count 
in the baud rate generator, or by the detection 
of a Break. 


PERIPHERAL 
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Figure 5. Interrupt Schedule 
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Functional CPU/DMA Block Transfer. The ASCC pro- DMA Block Transfer mode. 

Description vides a Block Transfer mode to accommodate To a DMA controller, the ASCC REQUEST 

(Continued) CPU block transfer functions and DMA con- output indicates that the ASCC is ready to 
trollers. The Block Transfer mode uses the transfer data to or from memory. To the CPU, 
WAIT/ REQUEST output in conjunction with the WAIT line indicates that the ASCC is not 
the Wait/Request bits in WR1l. The WAIT/ ready to transfer data, thereby requesting that 
REQUEST output can be defined under soft- the CPU extend the I/O cycle. The DTR/ 
ware control as a WAIT line in the CPU Block REQUEST line allows full-duplex operation 
Transfer mode or as a REQUEST line in the under DMA control. 

Architecture The ASCC internal structure includes data transferred to and from the channel inter- 
two full-duplex channels, two baud rate face. The modem control inputs are monitored 
generators, internal control and interrupt by the control logic under program control. 
logic, and a bus interface to a nonmultiplexed All of the modem control signals are general- 
bus. Associated with each channel are a purpose in nature and can optionally be used 
number of read and write registers for mode for functions other than modem control. 
control and status information, as well as logic The register set for each channel includes 
necessary to interface to modems or other ten control (write) registers, and four status 
external devices (Figure 6). (read) registers. In addition, each baud rate 

The logic for both channels provides generator has two (read/write) registers for 
formats, synchronization, and validation for holding the time constant that determines the 
BAUD RATE 
SENERATOS 
eo | SERIAL DATA 
CHANNEL A CHANNEL CLOCKS 
$————— Ri 
iNTERNAL siauheicn WAIT/REQUEST 
eta REGISTERS 
= ee cee er, 
DATA a A . 
See dG INTERNAL BUS 
CONTROL 


INTERRUPT 
CONTROL 
LOGIC 


INTERRUPT 
CONTROL 
LINES 


tt 


+5 V GND PCLK 


DISCRETE 
CONTROL MODEM, DMA, OR 


<——— 
OTHER CONTROLS 


SERIAL DATA 


& STATUS 
B 


CHANNEL B 
REGISTERS 


Figure 6. Block Diagram of ASCC Architecture 
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BR GENERATOR 16 BIT DOWN | COUNTER 


INPUT 


INTERNAL 


RxD 1-BIT mux | a NRZ! DECODE : 


DPLL 
DPLL 


DPLL OUTPUT 


CPU I/O 


VO DATA BUFFER 


INTERNAL DATA BUS 


RECEIVE 


DATA 


RECEIVE 


ERROR 


TRANSMIT DATA 


— 


| START 
BIT 


BR GENERATOR FES 


OUTPUT 
SHIFT REGISTER 
RECEIVE 


ERROR 
LOGIC 


TRANSMIT MUX 


& 2 BIT DELAY 


RECEIVE 
SYNC REGISTER 
(8 BITS) 


3 BITS : 


TRANSMIT 
CLOCK 


BR GENERATOR OUTPUT 
DPLL OUTPUT 


RECEIVE CLOCK 


eee CLOCK TRANSMIT CLOCK 
TRxC MUX 
RTxC DPLL CLOCK 

v7, BR GENERATOR CLOCK 


Ri 
(OSCILLATOR) 


Figure 7. Data Path 
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Architecture 
(Continued) 


baud rate. Finally, associated with the inter- 
rupt logic is a write register for the interrupt 
vector accessible through either channel, a 
write only Master Interrupt Control register 
and three read registers: one containing the 
vector with status infomation (Channel B only), 
one containing the vector without status 
(Channel A only), and one containing the 
Interrupt Pending bits (Channel A only). 

The registers for each channel are 
designated as follows: 


WRO-WR15 — Write Registers 0-5, 8-15. 


RRO-RR3, RR10, RR12, RR13, RR15 — Read 
Registers 0 through 3, 10, 12, 13, 15. 


Table 1 lists the functions assigned to each 
read or write register. The ASCC contains on- 
ly one WR2 and WR9Y, but they can be access- 
ed by either channel. All other registers are 
paired (one for each channel). 


Data Path. The transmit and receive data path 
illustrated in Figure 7 is identical for both 
channels. The receiver has three 8-bit buffer 
registers in an FIFO arrangement, in addition 
to the 8-bit receive shift register. This scheme 
creates additional time for the CPU to service 
an interrupt at the beginning of a block of 
high speed data. Incoming data is routed 
through one of several paths depending on the 
selected mode (the character length also deter- 
mines the data path). 

The transmitter has an 8-bit Transmit Data 
buffer register loaded from the internal data 
bus and an 11-bit Transmit Shift register that 
can be loaded from the Transmit Data register. 


Read Register Functions 


RRO Transmit/Receive buffer status and External status 

RR1 Special Receive Condition status 

RR2 Modified interrupt vector (Channel B only) 
Unmodified interrupt vector (Channel A only) 

RR3 Interrupt Pending bits (Channel A only) 

RR8& Receive buffer 

RR10 Miscellaneous status 

RR12 Lower byte of baud rate generator time constant 

RR13 Upper byte of baud rate generator time constant 

RR15 =‘ External/Status interrupt information 

Write Register Functions 

WRO } CRC initialize, initialization commands for the 
various modes, Register Pointers. 

WRI Transmit/Receive interrupt and data transfer mode 
definition 

WR2 Interrupt vector (accessed through either channel) 

WR3 Receive parameters and control 

WR4 Transmit/Receive miscellaneous parameters and 
modes 

WR5 Transmit parameters and controls 

WR8 _ Transmit buffer 

WR9Y Master interrupt control and reset (accessed 
through either channel) 

WR10 Miscellaneous transmitter/receiver control bits 

WR11 = Clock mode control 

WR12 Lower byte of baud rate generator time constant 

WR13 Upper byte of baud rate generator time constant 

WR14_ Miscellaneous control bits 

WRI15 _ External/Status interrupt control 


Table 1. Read and Write Register Functions 
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The ASCC contains 11 write registers in 
each channel that are programmed by the 
system separately to configure the functional 
personality of the channels. 

In the ASCC, register addressing is direct 
for the data registers only, which are selected 
by a High on the D/C pin. In all other cases 
(with the exception of WRO and RRO), pro- 
gramming the write registers requires two 
write operations and reading the read registers 
requires both a write and a read operation. 
The first write is to WRO and contains three 
bits that point to the selected register. The se- 
cond write is the actual control word for the 


selected register, and if the second operation 
is read, the selected read register is accessed. 
All of the registers in the ASCC, including the 
data registers, may be accessed in this fashion. 
The pointer bits are automatically cleared after 
the read or write operation so that WRO (or 
RRO) is addressed again. 

The system program first issues a series of 
commands to initialize the basic mode of 
operation. For example, the character length, 
clock rate, number of stop bits, even or odd 
parity might be set first. Then the interrupt 
mode would be set, and finally, receiver or 
transmitter enable. 


Programming Read Registers. The ASCC contains eight 


Interrupt Pending (IP) bits (Channel A). 


(Continued) read registers (actually nine, counting the Figure 8 shows the formats for each read 
receive buffer (RR8) in each channel). Four of register. 
these may be read to obtain status information The status bits of RRO and RR1 are carefully 
(RRO, RR1, RR1O, and RR15). Two registers grouped to simplify status monitoring; e.g., 
(RR12 and RR13) may be read to learn the when the interrupt vector indicates a Special 
baud rate generator time constant. RR2 con- Receive Condition interrupt, all the appro- 
tains either the unmodified interrupt vector priate error bits can be read from a single 
(Channel A) or the vector modified by status register (RR1). 
information (Channel B). RR3 contains the 
Read Register 0 Read Register 10 
[Dy | Dg | Ds [Dy | Ds | De | Ds | Do | [; | Dg | Ds [Dy | Ds | De | Ds | Do 
| & Rx CHARACTER AVAILABLE Be 0 
ZERO COUNT 0 
Tx BUFFER EMPTY 0 
bcD 0 
RING INDICATOR 0 
CTS 0 
1 TWO CLOCKS MISSING 
BREAK ONE CLOCK MISSING 
Read Register 1 Read Register 12 
[Dy | Dg | Ds [Dg | Ds | De | Ds | Do | [Dy | Dg] Ds | Dy [D5 [Dz | Dy | Do | 
| b ALL SENT ie TCo 
1 TC, 
1 TCo 
° TCs \ Lower BYTE OF 
PARITY ERROR TC, TIME CONSTANT 
Rx OVERRUN ERROR TCs 
FRAMING ERROR TCs 
) TC? 
Read Register 2 Read Register 13 
[Dy | Dg | Ds [Dy | Ds | Dz | Dy | Do | [D; | Dg | Dg | Dy | Ds | Oz | D, | Do | 
LE Les 
Vi TCg 
V2 TCr0 
. INTERRUPT VECTOR * iy SE CONSTANT 
Vs TC13 
Ve TC14 
V7 TCis 
*MODIFIED IN B CHANNEL 
Read Register 3 Read Register 15 
[D7 [ Dg | Ds | Dy | Ds [D2 | D, | Do | [Dy | Dg | Ds [Dy [Ds | D2 | D, | Do | 
| & CHANNEL B EXTI/STAT IP* | t 0 
CHANNEL B Tx IP* ZERO COUNT IE 
CHANNEL B Rx IP* 0 
CHANNEL A EXTI/STAT IP* DCD IE 
CHANNEL A Tx IP* Ri IE 
CHANNEL A Rx IP* CTS IE 
0 1 
0 BREAK IE 
*ALWAYS 0 IN B CHANNEL 
Figure 8. Read Register Bit Functions 
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Programming Write Registers. The ASCC contains 11 write 
registers (12 counting WR8, the transmit 
buffer) in each channel. These write registers 
are programmed separately to configure the 
functional “personality” of the channels. In 
addition, there are two registers (WR2 and 


(Continued) 


Write Register 0 


[97 |e] Os | Ba | Ds [D2 [91 | Do 


10 | 0} 0| REGISTER O 
0] 0] 1| REGISTER 1 


Write Register 1 
[Dy | Be [Ds | Dy [Ds | De | Ds | Do | 


= 


Write Register 2 


Lr] Be | Ds [D4 [2] Ds | Dy | Do, 


'1|1{ 1 | RESET HIGHEST US 


*WITH POINT HIGH COMMAND 


EXT INT ENABLE 
Tx INT ENABLE 
PARITY IS SPECIAL CONDITION 


Rx INT DISABLE 
| 1] Rx INT ON FIRST CHARACTER OR SPECIAL CONDITION 
| 1 | 0 | INT ON ALL Rx CHARACTERS OR SPECIAL CONDITION 
| 1 | Rx INT ON SPECIAL CONDITION ONLY 


WAITIDMA REQUEST ON RECEIVE/TRANSMIT 
WAIT/DMA REQUEST FUNCTION 
WAITIDMA REQUEST ENABLE 


INTERRUPT VECTOR 


WR39) shared by the two channels that may be 
accessed through either of them. WR2 contains 
the interrupt vector for both channels, while 


WR9 contains the interrupt control bits. 
Figure 9 shows the format of each write 


register. 


Write Register 3 


[Dr [Be | Ds | Ds | Da | Ds | Dy | Do 


eS 


Rx ENABLE 

0 

0 

0 

0 

AUTO ENABLES 


10 | 0 | Rx 5 BITSICHARACTER 
| 0 | 1 | Rx 7 BITSICHARACTER 
| 1 | 0 | Rx 6 BITSICHARACTER 
11 | 1 | Rx 8 BITSICHARACTER 


Write Register 4 


[Dr | De | Bs | Da [Ds |B: | Ds [Do | 


i 


0 


|o | o | X1 CLOCK MODE 
| o | 1 | x16 CLOCK MODE 
| 1] 0 | X32 CLOCK MODE 
| 1] 1 | X64 CLOCK MODE 


Write Register 5 


[Dr | Be [Ds [Ds | D2 ] D2 | Ds | Da | 


ae 


0 
Tx ENABLE 
SEND BREAK 


10 | 0 | Tx 5 BITS (OR LESS/CHARACTER 
|0| 4 | x7 BITSICHARACTER 
| 4] 0 | Tx 6 BITSICHARACTER 
| 4] 1 | Tx 8 BITSICHARACTER 


DTR 


Figure 9. Write Register Bit Functions 


PARITY ENABLE 
PARITY EVEN/ODD 
[0 | 0 | DO NOT PROGRAM 
| 0 | 1 | 1 STOP BIT/CHARACTER 
| 4} 0 | 1% STOP BITSICHARACTER 
| 1] 1 | 2STOP BITSICHARACTER 
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Programming Write Register 9 


(Continued) 


10 | 0 | NO RESET 


}0 | 1 | CHANNEL RESET B 
| 1 | 0 | CHANNEL RESET A 
| 1 | 1 | FORCE HARDWARE RESET 


| t us 
NV 
DLC 
MIE 
STATUS HIGH/STATUS LOW 
0 


Write Register 10 


| 1 | 0 | FM1 (TRANSITION = 1) 
| 1] 1 | FMo (TRANSITION = 0) 


0 


Write Register 11 
[97 [Ds [Ds [Ds | 0. [D2 | Dy | Do | 


| 0 | 0 | TRxC OUT = XTAL OUTPUT 


14 | TAxc OUT = DPLL OUTPUT 


TRxC Of/i 


an TRANSMIT CLOCK = ATxC PIN 
TRANSMIT CLOCK = TRxC PIN 


| 1] 1 | TRANSMIT CLOCK = DPLL OUTPUT 


10 | 0 | RECEIVE CLOCK = RTxC PIN 

10 | 1 | RECEIVE CLOCK = TAXG PIN 

| 1 | 0 | RECEIVE CLOCK = BR GENERATOR OUTPUT 
RECEIVE CLOCK = DPLL OUTPUT 


RTxC XTALINO XTAL 


| 0} 1 | TRx¢ OUT = TRANSMIT CLOCK 
YS TRxC OUT = BR GENERATOR OUTPUT 


on TRANSMIT CLOCK = BR GENERATOR OUTPUT 


Write Register 12 


[7 [95 [Bs [4] Ds | Ba | Dy | De | 


ies TCo 

TC, 
TC2 
TCs \ LOWER BYTE OF 
TC, {TIME CONSTANT 
TCs 
TCeg 
TC7 


Write Register 13 


[97 [Bs [Ds | 4 | Ds [D2 | Ds | Do) 


is TCg 

TCg 
TCio 
TC1 \ UppER BYTE OF 
TCi2 { TIME CONSTANT 
TC43 
TC14 
TCis5 


Write Register 14 
[, [>< [5 [o.[o.]02]0, [0] 


on BR GENERATOR ENABLE 
BR GENERATOR SOURCE 
DTR/REQUEST FUNCTION 


AUTO ECHO 
LOCAL LOOPBACK 


NULL COMMAND 

ENTER SEARCH MODE 

RESET MISSING CLOCK 
DISABLE DPLL 

SET SOURCE = BR GENERATOR 
SET SOURCE = RTxC 

SET FM MODE 

SET NRZ! MODE 


Write Register 15 
[e- [> [bs [> [>s[>2] 0, [oo] 


Le 


DCD IE 
Ri 1 
CTS IE 

1 

BREAK IE 


Figure 9. Write Register Bit Functions (Continued) 
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Timing 


The ASCC generates internal control signals 
from WR and RD that are related to PCLK. 
Since PLCK has no phase relationship with 
WR and RD, the circuitry generating these in- 
ternal control signals must provide time for 
metastable conditions to disappear. This gives 
rise to a recovery time related to PCLK. The 
recovery time applies only between bus tran- 
sactions involving the ASCC. The recovery 
time required for proper operation is specified 
from the rising edge of WR or RD in the first 


transaction involving the ASCC to the falling 
edge of WR or RD in the second transaction 
involving the ASCC. This time must be at least 
6 PLCK cycles plus 200 ns. 


Read Cycle Timing. Figure 10 illustrates read 
cycle timing, Addresses on A/B and D/C and 
the status on INTACK must remain stable 
throughout the cycle. If CE falls after RD ao 
falls,or rises before RD rises, the effective RD 
is shortened. 


AIB, DIC ADDRESS VALID 


INTACK 


Figure 10. Read Cycle Timing 


Write Cycle Timing. Figure 1] illustrates _ 
write cycle timing. Addresses on A/B and D/C 
and the status on INTACK must remain stable 


throughout the cycle. If CE falls after WR falls 
or rises before WR rises, the effective WR is 
shortened. 


AIB, DIC ADDRESS VALID 


INTACK 


Figure 11. Write Cycle Timing 


Interrupt Acknowledge Cycle Timing. Figure 
12 illustrates interrupt acknowledge cycle tim- 
ing. Between the time INTACK goes low and 
the falling edge of RD, the internal and exter- 
nal IEI/IEO daisy chains settle. If there is an 
interrupt pending the ASCC and IEI is High 


when RD falls, the acknowledge cycle was in- 
tended for the ASCC. In this case, the ASCC 


‘may be programmed to respond to RD Low by 


placing its interrupt vector on Do-D7 and sets 
the appropriate Interrupt-Under-Service latch 
internally. 


~—— — 


es earn 
Do-D7 


Figure 12. Interrupt Acknowledge Cycle Timing 
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Absolute Voltages on all inputs and outputs 


Stresses greater than those listed under Absolute Maxi- 


Maximum with respect toGND.......... -0.3Vto +7.0V mum Ratings may cause permanent damage to the device. 
Ratinas ; This is a stress rating only; operation of the device at any 
g Operating Ambient condition above those indicated in the operational sections 
Temperature ............00005 As Specified in of these specifications is not implied. Exposure to absolute 
Ordering Information maximum rating conditions for extended periods may affect 
device reliability. 
Storage Temperature........ -65°C to +150°C 
Standard The characteristics below apply for the @+4.75V < Voo S +5.25 V 
Test following standard test conditions, unless aw GND =OV 
Conditions otherwise noted. All voltages are referenced to wt Ti ae ehacilisd:ia Ordering Inioemanon 
GND. Positive current flows into the refer- A Pp g 
enced pin. Standard conditions are as follows: All ac parameters assume a load capacitance 
of 50 pF max. 
+5V +5V 
2.1K 2.2K 
FROM OUTPUT FROM OUTPUT o, 
UNDER TEST UNDER TEST 
sb s0 pr 
100 pF | nn i 
Figure 13. Standard Test Load Figure 14. Open-Drain Test Load 
DC Symbol Parameter Min Max Unit Condition 
Charac- 
teristics Vin Input High Voltage 2.0 Voc + 0.3 V 
Vin Input Low Voltage -0.3 0.8 V 
Vou Output High Voltage 2.4 V lon = —250 pA 
VoL Output Low Voltage . 0.4 V Ib, = +2.0 mA 
Tn Input Leakage + 10.0 pA 0.4< Vy s +2.4V 
To. Output Leakage + 10.0 pA 0.4 = Voy; = +2.4V 
ee Voc Supply Current 250 mA 
Voc = 5 V + 5% unless otherwise specified, over specified temperature range. 
Capacitance Symbol Parameter Min Max Unit Test Condition 
Cw Input eee 10 pF tiemisaaed Ding 
Court Output Capacitance 15 pF Peiamed 16: Crauna 
Cryo Bidirectional Capacitance 20 pF 
f = 1 MHz, over specified temperature range 
BU85 0U6, 00] 37] 


DISH LES8Z 


Read and 


Write PCLK i ae eee 
Timing imc ©) Or aa na’, 
= SR =a 
INTACK " 
oe a ee peo 
ee | i be ae, 
—— —— 


Carasll nema = 
WIREQ 
WAIT 
@) 
REQUEST /) 


raat 
a ae a 
DTRIREG 
REQUEST 
(36) 
@) 
4 MHz 6 MHz 
No. Symbol Parameter Min Max Min Max Notes*t 
l TwPCl PCLK Low Width 105 2000 70 1000 
2  TwPCh PCLK High Width 105 2000 70 1000 
3. TfPC PCLK Fall Time 20 10 
4 TrPC PCLK Rise Time 20 1S 
02 (CPG PCL. Cycle line SSS 0 165 ——2000 
6 TsA(WR) Address to WR | Setup Time 80 80 
7 ThA(WR) Address to WR t Hold Time @) @) 
8  TsA(RD) Address to RD | Setup Time 80 80 
9  ThAC(RD) Address to RD t Hold Time @) 0 
10-~~-TsIA(PC) INTACK io PCLE 1 Setup hme Oe 
ll TsIAi(WR) INTACK to WR | Setup Time 200 200 ] 
12. ThIA(WR) INTACK to WR f Hold Time 0 0 
13. TsIAi(RD) INTACK to RD | Setup Time 200 200 ] 
14. ThiIA(RD) INTACK to RD t Hold Time @) @) 
15 THIA(PC) INTACK 40 PCLE t-Hold Tine 100 100 
16 TsCE1(WR) CE Low to WR | Setup Time 0 0) 
iW ThCE(WR) CE to WR t Hold Time 0 0 
18 TsCEh(WR) CE High to WR | Setup Time 100 70 
19 TsCEI(RD) CE Low to RD | Setup Time 0 0 l 
20 ThCE(RD) CE to RD t Hold Time @) 0 
21> TsCen n>) CE Highte RD Sep: line 00 SS SSS 
22  TwRD1 RD Low Width 390 250 ] 
23. TdRD(DRA) RD | to Read Data Active Delay 0 0 
24 TdRDr(DR) RD t to Read Data Not Vahd Delay 0 0 
25 TdRDf{(DR) RD | to Read Data Valid Delay 250 180 
26  TdRD(DRz) RD t to Read Data Float Delay 70 45 2 
NOTES: 2 Float delay is defined as the time required for a +0 5 V change 
1 Parameter does not apply to Interrupt Acknowledge in the output with a maximum dc load and minimum ac load 
transactions * Timings are preliminary and subject to change 


Tt Units in nanoseconds (ns) 
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Interrupt 
Acknowledge PCLK 
Timing 


INTACK 


Do-D7 


Reset 
Timing 
Cycle 
Timing 
4 MHz 6 MHz 
No. Symbol Parameter Min Max Min Max Notes*f 
27  TdA(DR) Address Required Valid to Read Data Valid Delay 590 420 
28 TwWRI1 WR Low Width__ 390 250 
29. TsDW(WR) Write Data to WR | Setup Time 0 0 
30 ThDW(WR) Write Data to WR t Hold Time @) 0 
31 —TdWR(W) WR } to Wait Valid Delay 240 200 Aa 
32 TdRD(W) RD | to Wait Valid Delay 240 200 4 
33. TdWRt(REQ) WR | to W/REO Not Vahd Delay 240 200 
34 TdRDf(REQ) RD | to W/REQ Not Vahd Delay 240 200 
35. TdWRr(REQ) WR t to DIR/REO Not Valid Delay 5TcPC 5TcPC 
__ ates aes + 300 + 250 
36 —TdRDr(REQ)——— RD t to DTR/REO Not Valid Delay 5TcPC 5TcPC 
ae + 300 + 250 
37. TdPC(INT) PCLK | to INT Valid Delay 500 500 4 
38 TdIAi(RD) INTACK to RD | (Acknowledge) Delay 5 
39. TwRDA RD (Acknowledge) Width 285 250 
40 —-TdRDA(DR)-——— RD |} (Acknowledge) to Read Data Valid Delay 190 180 
4] TsIEI(RDA) IEI to RD | (Acknowledge) Setup Time 120 100 
42 ThiEI(RDA) IEI to RD t (Acknowledge) Hold Time 0 @) 
43. TdlEI(IEO) IEI to IEO Delay Time 120 100 
44. TdPC(IEO) PCLK t to IEO Delay 250 250 
45 —TdRDA(UINT)-——RD } to INT Inactive Delay 500 500 orn 
46 TdRD(WROQ) RD ft to WR } Delay for No Reset 30 15 
47 TdWRQ(RD) WR ft to RD | Delay for No Reset 30 30 
48 TwRES WR and RD Coincident Low for Reset 250 250 
49 Tre Valid Access Recovery Time 6TcPC 6TcPC 
+ 200 +130 3 
NOTES 
3. Parameter applies only between transactions involving the for the highest priority device in the daisy chain, TsIEI(RDA) 
ASCC for the ASCC, and TdIEI{(IEO) for each device separating them 


4 Open-drain output, measured with open-drain test load 
5 Parameter is system dependent For any ASCC in the daisy 
chain, TdIAi1(RD) must be greater than the sum of TdPC(IEO) 


in the daisy chain 


* Timings are preliminary and subject to change 
{1 Units in nanoseconds (ns) 
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General 
Timing PCLK 


WIREQ 
REQUEST 


WIREQ 
WAIT 


RTxC, TRxC 
RECEIVE 


TRxC, RTxC 
TRANSMIT 
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No. Symbol Parameter Min Max Min Max Notes*t 
1 TdPC(REQ) PCLK | to W/REQ Valid Delay 250 250 
2 TdPC(W) PCLK } to Wait Inactive Delay 350 350 
3. TsRXC(PC) RxC t to PCLK t Setup Time 50 50 1,4 
4 TsRXD(RXCr) RxD to RxC t Setup Time (X1 Mode) 0 0 l 
5 — ThRXD(RXCr) — RxD to RxC 1 Hold Time (Xl Mode) ———————-. 150 —-- 150 ——________ 1 —— 
6  TsRXD(RXCf) RxD to RxC | Setup Time (X1 Mode) 0 0 1,5 
7  ThRXD(RXCf) RxD to RxC | Hold Time (X1 Mode) 150 150 h5 
8  TsTXC(PC) TxC | to PCLK t Setup Time 0 0 2,4 
9 TdTXCfTXD) TxC | to TxD Delay (X1 Mode) 300 300 Z 
10 — TdTXCr(TXD) — TxC t to TxD Delay (X1 Mode) ———_- 300 ———-——- 300 —————- 2,5 — 
11 TdTXD(TRX) TxD to TRxC Delay (Send Clock Echo) 
12. TwRTXh RTxC High Width 180 180 
13. TwRTX1 RTxC Low Width 180 180 
14. TcRTX RTxC Cycle Time 400 400 
15 — TcRTXX ———— Crystal Oscillator Period ———___- 250 —— 1000 250 —— 1000 —————- 3 —— 
16 TwTRXh TRxC High Width 180 180 
17. TwTRXl TRxC Low Width 180 180 
18  TcTRX TRxC Cycle Time 400 400 
19 TwEXT DCD or CTS or RI Pulse Width 200 200 
NOTES. — 
1 RxC is RTxC or TRxC, whichever 1s supplying the receive 4 Parameter applies only if the data rate 1s one-fourth the PCLK 
clock — rate In all other cases, no phase relationship between RxC and 
2 TxC is TRxC or RTxC, whichever is supplying the transmit PCLK or TxC and PCLK 1s required 
clock 5 Parameter applies only to FM encoding/decoding 
3. Both RTxC and RI have 30 pF capacitors to ground con- * Timings are preliminary and subject to change. 
nected to them Tt Units in nanoseconds (ns) 
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System RTxC, TRxC 
Timing RECEIVE 


RTxC, TRxC 
TRANSMIT 


WIREQ 
REQUEST 


WI/REQ 
WAIT 


DTRIREQ 
REQUEST 


4 MHz 6 MHz 
No. Symbol Parameter Min Max Min Max Notes*t 
1  TdRXC(REQ)  RxC t to W/REQ Valid Delay 8 12 8 12 2 
2  TdRXC(W) RxC f to Wait Inactive Delay 8 12 8 12 1,2 
3. TdRXC(INT) RxC 1f to INT Valid Delay 10 16 10 16 12 
4 —TdTXC(REQ) —-TxC | to W/REO Valid Delay 5 ——— 8 ———__ 5 8 —_——_-3— 
5 TdTXC(W) TxC | to Wait Inactive Delay 5 8 5 8 1,3 
6 TdTXC(DRQ) TxC | to DTR/REQ Valid Delay 4 7 4 7 3 
7 TdTXC(INT) TxC | to INT Valid Delay 6 10 6 10 1,3 
8  TdEXT(INT) DCD or CTS Transition to INT Valid Delay 2 6 2 6 ] 
NOTES 
1. Open-drain output, measured with open-drain test load * Timings are preliminary and subject to change. 
2 RxC is RTxC or TRxC, whichever 1s supplying the receive t Units equal to TcPC 
3 Ta TRxC or RTxC, whichever 1s supplying the transmit 
cloc 
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Ordering 
Information 
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Product 
Number 
28531 
28531 
Z8531 
28531 
Z8531 
28531 
28531 
Z8531 


Package/ 
Temp 


CE 
CM 
CMB 
CS 
DE 
DS 
PE 
PS 


Speed 


4.0 MHz 
4.0 MHz 
4.0 MHz 
4.0 MHz 
4.0 MHz 
4.0 MHz 
4.0 MHz 
4.0 MHz 


Description 


ASCC (40-pin) 
Same as above 
Same as above 
Same as above 
Same as above 
Same as above 
Same as above 


Same as above 


Product 
Number 
Z8531A 
Z8531A 
Z8531A 
Z8531A 
Z8531A 
Z8531A 
Z8531A 
Z8531A 


Package/ 
Temp 
CE 
CM 
CMB 
CS 
DE 
DS 
PE 
PS 


Speed 


6.0 MHz 
6.0 MHz 
6.0 MHz 
6.0 MHz 
6.0 MHz 
6.0 MHz 
6.0 MHz 
6.0 MHz 


Description 


ASCC (40-pin) 
Same as above 
Same as above 
Same as above 
Same as above 
Same as above 
Same as above 


Same as above 


NOTES C = Ceramic, D = Cerdip, P = Plastic, CM = -55°C to +125°C, E = -40°C to +85°C, M = -55°C to 125°C, 
MB = -55°C to +125°C with MIL-STD-883 Class B processing, S = 0°C to +70°C 
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Z8536 CIO 
Counter/Timer and 
Parallel I/O Unit 


- eee 


. ag@a a 
Zilog Specification 
June 1982 
Features m Two independent 8-bit, double-buffered, m Flexible pattern-recognition logic, program- 
bidirectional I/O ports plus a 4-bit mable as a 16-vector interrupt controller. 
special-purpose I/O port. I/O ports m Three independent 16-bit counter/timers 


feature programmable polarity, 
programmable direction (Bit mode), “pulse 
catchers,’ and programmable open- 

drain outputs. 


with up to four external access lines per 
counter/timer (count input, output, gate, 
and trigger), and three output duty cycles 
(pulsed, one-shot, and square-wave), 


@ Four handshake modes, including 3-Wire programmable as retriggerable or 
(like the IEEE-488). nonretriggerable. 
m@ REQUEST/WAIT signal for high-speed data m Easy to use since all registers are 
transfer. read/write. 
General The Z8536 CIO Counter/Timer and (command, status, and data) readable and 
Description Parallel I/O element is a general-purpose (except for status bits) writable. In addition, 
peripheral circuit, satisfying most counter/ each register is given its own unique internal 
timer and parallel I/O needs encountered in address, so that any register can be accessed 
system designs. This versatile device contains in two operations. All data registers can be 
three I/O ports and three counter/timers. Many directly accessed in a single operation. The 
programmable options tailor its configuration CIO is easily interfaced to all popular 
to specific applications. The use of the device microprocessors. 


is simplified by making all internal registers 


1 
2 
3 
DATA PORTA 4 
BUS 
5 
6 
7 
8 
9 
CONTROL, PORTC 
TIMING, 
AND RESET 
INTERRUPT 
PORT B 
PCLK +5V GND 
Figure 1. Pin Functions Figure 2. Pin Assignments 
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Pin 
Description 


Ap-A). Address Lines (input). These two lines 
are used to select the register involved in the 
CPU transaction: Port A’s Data register, Port 
B's Data register, Port C’s Data register, or a 
control register. 


CE. Chip Enable (input, active Low). A Low 
level on this input enables the CIO to be read 
from or written to. 


Do-Dy7. Data Bus (bidirectional 3-state). These 
eight data lines are used for transfers between 


the CPU and the CIO. 


IEI. Interrupt Enable In (input, active High). 
IEI is used with IEO to form an interrupt daisy 
chain when there is more than one interrupt- 
driven device. A High IEI indicates that no 
other higher priority device has an interrupt 
under service or is requesting an interrupt. 


IEO. /nterrupt Enable Out (output, active 
High). IEO is High only if IEI is High and the 
CPU is not servicing an interrupt from the 
requesting CIO or is not requesting an inter- 
rupt (Interrupt Acknowledge cycle only). IEO 
is connected to the next lower priority device's 
IEI input and thus inhibits interrupts from 
lower priority devices. 


INT. Interrupt Request (output, open-drain, 
active Low). This signal is pulled Low when 
the CIO requests an interrupt. 

INTACK. Interrupt Acknowledge (input, active 
Low). This input indicates to the CIO that an 


Interrupt Acknowledge cycle is in progress. 
INTACK must be synchronized to PCLK, and 


it must be stable throughout the Interrupt 
Acknowledge cycle. 


PAp-PAy. Port A I/O lines (bidirectional, 
3-state, or open-drain). These eight I/O lines 
transfer information between the CIO’s Port A 
and external devices. 


PBo-PBy. Port B I/O lines (bidirectional, 
3-state, or open-drain). These eight I/O lines 
transfer information between the CIO’s Port B 
and external devices. May also be used to 
provide external access to Counter/Timers 

l and 2. 


PCo-PC3. Port C I/O lines (bidirectional, 
3-state, or open-drain). These four I/O lines 
are used to provide handshake, WAIT, and 
REQUEST lines for Ports A and B or to provide 
external access to Counter/Timer 3 or access 


to the CIO's Port C. 


PCLK. Peripheral Clock (input, TTL- 
compatible). This is the clock used by the 
internal control logic and the counter/timers 
in timer mode. It does not have to be the 


CPU clock. 


RD*. Read (input, active Low). This signal 
indicates that a CPU is reading from the CIO. 
During an Interrupt Acknowledge cycle, this 
signal gates the interrupt vector onto the data 
bus if the CIO is the highest priority device 
requesting an interrupt. 

WR*. Write (input, active Low). This signal 
indicates a CPU write to the CIO. 


*When RD and WR are detected Low at the same time (normally 
an illegal condition), the CIO 1s reset. 


The CIO Counter/Timer and Parallel I/O 
element (Figure 3) consists of a CPU interface, 


Architecture 


INTERRUPT 
CONTROL 


LOGIC 
INTERRUPT 
CONTROL 


DATA BUS 
CPU 
INTERFACE 


CONTROL 
INPUTS 


INTERNAL 


CONTROL 
LOGIC 


INTERNAL BUS 


three I/O ports (two general-purpose 8-bit 
ports and one special-purpose 4-bit port), 


COUNTER/ 
TIMER 3 


COUNTER/ PORT 
TIMER 2 B 
PORT B 
0 
COUNTER/ 
TIMER 1 


Figure 3. CIO Block Diagram 
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Architecture 


TO COUNTERITIMERS 1 AND 2 
PORT B ONL 


(PO fe) 
(Continued) INTERNAL nme 
a 
BOREL: 
OUTPUT DATA R/ 
“a Be 
CATCHER 
PATTERN 
seca as PORT 
REGISTER 
OUTPUT 
REGISTER INVERTERS 
PORT CONTROL 
HANDSHAKE CONTROL 
TO PORT C 
Figure 4. Ports A and B Block Diagram 
three 16-bit counter/timers, an interrupt- three registers: the Pattern Polarity, Pattern 
control logic block, and the internal-control Transition, and Pattern Mask registers. The 
logic block. An extensive number of program- detailed characteristics of each bit path (for 
mable options allow the user to tailor the con- example, the direction of data flow or whether 
figuration to best suit the specific application. a path is inverting or noninverting) are pro- 
The two general-purpose 8-bit I/O ports grammed using the Data Path Polarity, Data 
(Figure 4) are identical, except that Port B can Direction, and Special I/O Control registers. 
be specified to provide external access to The primary control and status bits are 
Counter/Timers 1 and 2. Either port can be grouped in a single register, the Command 
programmed to be a handshake-driven, and Status register, so that after the port is ini- 
double-buffered port (input, output, or bidirec- tially configured, only this register must be ac- 
tional) or a control-type port with the direction cessed frequently. To facilitate initialization, 
of each bit individually programmable. Each the port logic is designed so that registers 
port includes pattern-recognition logic, allow- associated with an unrequired capability are 
ing interrupt generation when a specific pat- ignored and do not have to be programmed. 
tern is detected. The pattern-recognition logic The function of the special-purpose 4-bit 
can be programmed so the port functions like port, Port C (Figure 5), depends upon the 
a priority-interrupt controller. Ports A and B roles of Ports A and B. Port C provides the 
can also be linked to form a 16-bit I/O port. required handshake lines. Any bits of Port C 
To control these capabilities, both ports con- not used as handshake lines can be used as 
tain 12 registers. Three of these registers, the I/O lines or to provide external access for the 
Input, Output, and Buffer registers, comprise third counter/timer. 
the data path registers. Two registers, the Since Port C's function is defined primarily 
Mode Specification and Handshake Specifica- by Ports A and B, only three registers (besides 
tion registers, are used to define the mode of the Data Input and Output registers) are 
the port and to specify which handshake, if needed. These registers specify the details of 
any, is to be used. The reference pattern for each bit path: the Data Path Polarity, Data 
the pattern-recognition logic is defined via Direction, and Special I/O Control registers. 
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Architecture 
(Continued) 
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TO PORT TO PORT 
A B 


TO COUNTER! 
TIMER 3 


IU 


INTERNAL 
BUS 


OUTPUT 
DATA 
REGISTER 


HANDSHAKE 
AND 
REQUEST/WAIT 
LOGIC 
DATA = 
MULTIPLEXER 
omen FONTROL LINES 


INPUT 
BUFFER/ 
INVERTERS 
AND 


Vs 
CATCHER 


PORT 


OUTPUT 
BUFFER/ 
INVERTERS 


CONTROL LINES 


Figure 5. Port C Block Diagram 


The three counter/timers (Figure 6) are all 
identical. Each is comprised of a 16-bit down- 
counter, a 16-bit Time Constant register 
(which holds the value loaded into the down- 
counter), a 16-bit Current Count register (used 
to read the contents of the down-counter), and 
two 8-bit registers for control and status (the 
Mode Specification and the Command and 
Status registers). 

The capabilities of the counter/timer are 
numerous. Up to four port I/O lines can be 
dedicated as external access lines for each 
counter/timer: counter input, gate input, trig- 
ger input, and counter/timer output. Three dif- 
ferent counter/timer output duty cycles are 
available: pulse, one-shot, or square-wave. 


The operation of the counter/timer can be pro- 
grammed as either retriggerable or nonretrig- 
gerable. With these and other options, most 
counter/timer applications are covered. 
There are five registers (Master Interrupt 
Control register, three Interrupt Vector 
.registers, and the Current Vector register) 
associated with the interrupt logic. In addition, 
the ports’ Command and Status registers and 
the counter/timers’ Command and Status 
registers include bits associated with the inter- 
rupt logic. Each of these registers contains 
three bits for interrupt control and status: 
Interrupt Pending (IP), Interrupt Under Ser- 
vice (IUS), and Interrupt Enable (IE). 
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Architecture ae: 
(Continued) 
TIME CURRENT 
CONSTANT COUNT 
REGISTER REGISTER 
(MSBs) (MSBs) 
COUNTER 
TIME CURRENT 
CONSTANT COUNT 
REGISTER REGISTER 
(LSBs) (LSBs) 
COUNTER! 
R 
TO PORT 
Figure 6. Counter/Timer Block Diagram 
Functional The following describes the functions port’s Data Direction register specifies the 
Description of the ports, pattern-recognition logic, direction of data flow for each bit. A 1 
counter/timers, and interrupt logic. specifies an input bit, and a 0 specifies an out- 
I/O Port Operations. Of the CIO's three I/O put bit. If bits are used as I/O bits for S 
ports, two (Ports A and B) are general- counter/timer, they should be set as input or 
purpose, and the third (Port C) is a special- output, as required. 
purpose 4-bit port. Ports A and B can be con- The Data Path Polarity register provides the 
figured as input, output, or bidirectional ports capability of inverting the data path. Al 
with handshake. (Four different handshakes specifies inverting, and a 0 specifies non- 
are available.) They can also be linked to form inverting. All discussions of the port opera- 
a single 16-bit port. If they are not used as tions assume that the path is noninverting. 
ports with handshake, they provide 16 input or The value returned when reading an input 
output bits with the data direction program- bit reflects the state of the input just prior to 
mable on a bit-by-bit basis. Port B also pro- the read. A 1’s catcher can be inserted into the 
vides access for Counter/Timers 1 and 2. In all input data path by programming al to the | 
configurations, Ports A and B can be pro- corresponding bit position of the port's Special 
grammed to recognize specific data patterns VO Control register. When al a6 detected at 
and to generate interrupts when the pattern is the 1's catcher input, its output is set to 1 until 
ae eee it is cleared. The 1’s catcher is cleared 
Tie tour bile! Porc provideahe hand: by writing a 0 to the bit. In all other cases, 
shake lines for Ports A and B when required. attempted writes to input bits are ignored. 
A REQUEST/WAIT line can also be provided bse aes ‘ and ee include seen ae 
so that CIO transfers can be synchronized with sidecases haar anes returns the value 
DMAs or CPUs. Any Port C bits not used for being output. Reads of Port C return the state 
handshake or REQUEST/WAIT can be used as of the pin. Outputs can be specified as open- 
input or output bits (individually data-direction drain by Weng a | to the corresponding bit of 
programmable) or external access lines for the port's Special I/O Control register. Port C 
Counter/Timer 3. Port C does not contain any has the additional feature of bit-addressable 
pattern-recognition logic. It is, however, writes. When writing to Port C, the four most 
capable of bit-addressable writes. With this significant bits are used as a write protect 
feature, any combination of bits can be set mask for the least significant bits (0-4, 1-5, 
Baier Glas ted wiilledhe cthek baa remaln 2-6, and 3-7). If the write protect bit is written 
undisturbed without first reading the register. agian dees of the corresponding output 
it i ged. 
Bit Port Operations. In bit port operations, the 
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Functional 
Description 
(Continued) 


Ports with Handshake Operation. Ports A and 
B can be specified as 8-bit input, output, or 
bidirectional ports with handshake. The CIO 
provides four different handshakes for its 
ports: Interlocked, Strobed, Pulsed, and 
3-Wire. When specified as a port with hand- 
shake, the transfer of data into and out of the 
port and interrupt generation is under control 
of the handshake logic. Port C provides the 
handshake lines as shown in Table 1. Any Port 
C lines not used for handshake can be used as 
simple I/O lines or as access lines for 
Counter/Timer 3. 

When Ports A and B are configured as ports 
with handshake, they are double-buffered. 
This allows for more relaxed interrupt service 
routine response time. A second byte can be 
input to or output from the port before the 
interrupt for the first byte is serviced. Nor- 
mally, the Interrupt Pending (IP) bit is set and 
an interrupt is generated when data is shifted 
into the Input register (input port) or out of the 
Output register (output port). For input and 
output ports, the IP is automatically cleared 
when the data is read or written. In bidirec- 
tional ports, IP is cleared only by command. 
When the Interrupt on Two Bytes (ITB) control 
bit is set to 1, interrupts are generated only 
when two bytes of data are available to be read 
or written. This allows a minimum of 16 bits of 
information to be transferred on each inter- 
rupt. With ITB set, the IP is not automatically 
cleared until the second byte of data is read 
or written. 

When the Single Buffer (SB) bit is set to 1, 
the port acts as if it is only single-buffered. 
This is useful if the handshake line must be 
stopped on a byte-by-byte basis. 

Ports A and B can be linked to form a 16-bit 
port by programming a | in the Port Link Con- 
trol (PLC) bit. In this mode, only Port A's 
Handshake Specification and Command and 
Status registers are used. Port B must be 
specified as a bit port. When linked, only Port 
A has pattern-match capability. Port B’s 


Port A/B Configuration PCs 

Ports A and B: Bait Ports Bit I/O 

Port A: Input or Output Port RFD or DAV 
(Interlocked, Strobed, or Pulsed 
Handshake)* 

Port B: Input or Output Port REQUEST/WAIT 
(Interlocked, Strobed, or Pulsed or Bit I/O 
Handshake)* 

Port A or B: Input Port (3-Wire RFD (Output) 
Handshake) 

Port Aor B: Output Port (3-Wire DAV (Output) 
Handshake) 


Port Aor B: Bidirectional Port RFD or DAV 


(Interlocked or Strobed Handshake) 


pattern-match ‘capability must be disabled. 
Also, when the ports are linked, Port B’s Data 
register must be read or written before 

Port A's. 

When a port is specified as a port with hand- 
shake, the type of port it is (input, output, or 
bidirectional) determines the direction of data 
flow. The data direction for the bidirectional 
port is determined by a bit in Port C (Table 1). 
In all cases, the contents of the Data Direction 
register are ignored. The contents of the 
Special I/O Control register apply only to out- 
put bits (3-state or open-drain). Inputs may not 
have 1's catchers; therefore, those bits in the 
Special I/O Control register are ignored. Port 
C lines used for handshake should be pro- 
grammed as inputs. The handshake specifica- 
tion overrides Port C’s Data Direction register 
for bits that must be outputs. The contents of 
Port C’s Data Path Polarity register still apply. 


Interlocked Handshake. In the Interlocked 
Handshake mode, the action of the CIO must 
be acknowledged by the external device 
before the next action can take place. Figure 7 
shows timing for Interlocked Handshake. An 
output port does not indicate that new data is 
available until the external device indicates it 
is ready for the data. Similarly, an input port 
does not indicate that it is ready for new data 
until the data source indicates that the 
previous byte of the data is no longer 
available, thereby acknowledging the input 
port's acceptance of the last byte. This allows 
the CIO to interface directly to the port of a Z8 
microcomputer, a UPC, an FIO, an FIFO, or 
to another CIO port with no external logic. 

A 4-bit deskew timer can be inserted in the 
Data Available (DAV) output for output ports. 
As data is transferred to the Buffer register, 
the deskew timer is triggered. After the 
number of PCLK cycles specified by the _ 
deskew timer time constant plus one, DAV is 
allowed to go Low. The deskew timer therefore 
guarantees that the output data is valid for a 
specified minimum amount of time before DAV 


PC, PC) PCy 

Bit I/O Bit I/O Bit I/O 

ACKIN REQUEST/WAIT Bit I/O 
or Bit I/O 

Bit I/O RFD or DAV ACKIN 

DAV (Input) REQUEST/WAIT DAC (Output) 
or Bit /O 

DAC (Input) REQUEST/WAIT RFD (Input) 
or Bit I/O 

ACKIN REQUEST/WAIT IN/OUT 
or Bit I/O 


*Both Ports A and B can be specified input or output with Interlocked, Strobed, or Pulsed Handshake at the same time if neither uses 


REQUEST/WAIT. 


Table 1. Port C Bit Utilization 
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goes Low. Deskew timers are available for out- 
put ports independent of the type of handshake 
employed. 


Strobed Handshake. In the Strobed Hand- 
shake mode, data is “strobed” into or out of 
the port by the external logic. The falling edge 
of the Acknowledge Input (ACKIN) strobes 
data into or out of the port. Figure 7 shows 
timing for the Strobed Handshake. In contrast 
to the Interlocked handshake, the signal 
indicating the port is ready for another data 
transfer operates independently of the ACKIN 
input. It is up to the external logic to ensure 
that data overflows or underflows do not occur. 


3-Wire Handshake. The 3-Wire Handshake is 
designed for the situation in which one output 
port is communicating with many input ports 
simultaneously. It is essentially the same as the 
Interlocked Handshake, except that two signals 
are used to indicate if an input port is ready 
for new data or if it has accepted the present 
data. In the 3-Wire Handshake (Figure 8), the 
rising edge of one status line indicates that the 
port is ready for data, and the rising edge of 
another status line indicates that the data has 
been accepted. With the 3-Wire Handshake, 
the output lines of many input ports can be 
bussed together with open-drain drivers; the 
output port knows when all the ports have 
accepted the data and are ready. This is the 


INPUT HANDSHAKE 


ACKIN 


STROBED 
HANDSHAKE~a f* ™ ™ 


RFD 
INTERLOCKED 
DATA MOVED HANDSHAKE 
TO INPUT 
REGISTER 


DATA LATCHED 
IN BUFFER REGISTER 


same handshake as is used on the IEEE-488 
bus. Because this handshake requires three 
lines, only one port (either A or B) can be a 
3-Wire Handshake port at a time. The 3-Wire 
Handshake is not available in the bidirectional 
mode. Because the port's direction can be 
changed under software control, however, 
bidirectional IEEE-488-type transfers can be 
performed. 


Pulsed Handshake. The Pulsed Handshake 
(Figure 9) is designed to interface to 
mechanical-type devices that require data to 
be held for long periods of time and need 
relatively wide pulses to gate the data into or 
out of the device. The logic is the same as the 
Interlocked Handshake mode, except that an 
internal counter/timer is linked to the hand- 
shake logic. If the port is specified in the input 
mode, the timer is inserted in the ACKIN path. 
The external ACKIN input triggers the timer 
and its output is used as the Interlocked Hand- 
shake’s normal acknowledge input. If the port 
is an output port, the timer is placed in the 
Data Available (DAV) output path. The timer is 
triggered when the normal Interlocked Hand- 
shake DAV output goes Low and the timer out- 
put is used as the actual DAV output. The 
counter/timer maintains all of its normal 
capabilities. This handshake is not available to 
bidirectional ports. 
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Figure 7. Interlocked and Strobed Handshakes 
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Figure 8. 3-Wire Handshake 
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REQUEST/WAIT Line Operation. Port C can 
be programmed to provide a status signal out- 
put in addition to the normal handshake lines 
for either Port A or B when used as a port with 
handshake. The additional signal is either a 
REQUEST or WAIT signal. The REQUEST 
signal indicates when a port is ready to per- 
form a data transfer via the CPU interface. It is 
intended for use with a DMA-type device. The 
WAIT signal provides synchronization for 
transfers with a CPU. Three bits in the Port 
Handshake Specification register provide con- 
trols for the REQUEST/WAIT logic. Because 
the extra Port C line is used, only one port can 
be specified as a port with a handshake and a 
REQUEST/WAIT line. The other port must be 
a bit port. 

Operation of the REQUEST line is modified 
by the state of the port's Interrupt on Two 
Bytes (ITB) control bit. When ITB is 0, the 
REQUEST line goes active as soon as the CIO 
is ready for a data transfer. If ITB is 1, 
REQUEST does not go active until two bytes 
can be transferred. REQUEST stays active as 
long as a byte is available to be read or 
written. 

The SPECIAL REQUEST function is reserved 
for use with bidirectional ports only. In this 
case, the REQUEST line indicates the status of 
the register not being used in the data path at 
that time. If the IN/OUT line is High, the 
REQUEST line is High when the Output 
register is empty. If IN/OUT is Low, the 
REQUEST line is High when the Input register 
is full. 

Pattern-Recognition Logic Operation. Both 
Ports A and B can be programmed to generate 
interrupts when a specific pattern is recog- 
nized at the port. The pattern-recognition logic 
is independent of the port application, thereby 
allowing the port to recognize patterns in all of 
its configurations. The pattern can be indepen- 
dently specitied for each bit as 1, 0, rising 
edge, falling edge, or any transition. Indi- 
vidual bits may be masked off. A pattern- 
match is defined as the simultaneous satisfac- 
tion of all nonmasked bit specifications in the 
AND mode or the satisfaction of any non- 
masked bit specifications in either of the OR or 
OR-Priority Encoded Vector modes. 


INPUT PORT 
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Figure 9. Pulsed Handshake 


The pattern specified in the Pattern Defini- 
tion register assumes that the data path is pro- 
grammed to be noninverting. If an input bit in 
the data path is programmed to be inverting, 
the pattern detected is the opposite of the one 
specified. Output bits used in the pattern- 
match logic are internally sampled before the 
invert/noninvert logic. 


Bit Port Pattern-Recognition Operations. Dur- 
ing bit port operations, pattern-recognition 
may be performed on all bits, including those 
used as I/O for the counter/timers. The input 
to the pattern-recognition logic follows the 
value at the pins (through the invert/noninvert 
logic) in all cases except for simple inputs with 
l’s catchers. In this case, the output of the 1's 
catcher is used. When operating in the AND 
or OR mode, it is the transition from a no- 
match to a match state that causes the inter- 
rupt. In the “OR” mode, if a second match 
occurs before the first match goes away, it 
does not cause an interrupt. Since a match 
condition only lasts a short time when edges 
are specified, care must be taken to avoid 
losing a match condition. Bit ports specified in 
the OR-Priority Encoded Vector mode generate 
interrupts as long as any match state exists. A 
transition from a no-match to a match state is 
not required. 

The pattern-recognition logic of bit ports 
operates in two basic modes: transparent and 
latched. When the Latch on Pattern Match 
(LPM) bit is set to 0 (Transparent mode), the 
interrupt indicates that a specified pattern has 
occurred, but a read of the Data register does 
not necessarily indicate the state of the port at 
the time the interrupt was generated. In the 
Latched mode (LPM = 1), the state of all the 
port inputs at the time the interrupt was 
generated is latched in the input register and 
held until IP is cleared. In all cases, the PMF 
indicates the state of the port at the time it is 
read. 

If a match occurs while IP is already set, an 
error condition exists. If the Interrupt On Error 
bit (IOE) is 0, the match is ignored. However, 
if IOE is 1 after the first IP is cleared, it is 
automatically set to 1 along with the Interrupt 
Error (ERR) flag. Matches occurring while ERR 
is set are ignored. ERR is cleared when the 
corresponding IP is cleared. 

When a pattern-match is present in the OR- 
Priority Encoded Vector mode, IP is set to 1. 
The IP cannot be cleared until a match is no 
longer present. If the interrupt vector is allow- 
ed to include status, the vector returned dur- 
ing Interrupt Acknowledge indicates the 
highest priority bit matching its specification at 
the time of the Acknowledge cycle. Bit 7 is the 
highest priority and bit 0 is the lowest. The bit 
initially causing the interrupt may not be the 
one indicated by the vector if a higher priority 
bit matches before the Acknowledge. Once the 
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Acknowledge cycle is initiated, the vector is 
frozen until the corresponding IP is cleared. 
Where inputs that cause interrupts might 
change before the interrupt is serviced, the l’s 
catcher can be used to hold the value. 
Because a no-match to match transition is not 
required, the source of the interrupt must be 
cleared before IP is cleared or else a second 
interrupt is generated. No error detection 1s 
performed in this mode, and the Interrupt On 
Error bit should be set to 0. 


Ports with Handshake Pattern-Recognition 
Operation. In this mode, the handshake logic 
normally controls the setting of IP and, 
therefore, the generation of interrupt requests. 
The pattern-match logic controls the Pattern- 
Match Flag (PMF). The data 1s compared with 
the match pattern when it is shifted from the 
Buffer register to the Input register (input port) 
or when it is shifted from the Output register to 
the Buffer register (output port). The pattern 
match logic can override the handshake logic 
in certain situations. If the port is programmed 
to interrupt when two bytes of data are 
available to be read or written, but the first 
byte matches the specified pattern, the 
pattern-recognition logic sets IP and generates 
an interrupt. While PMF is set, IP cannot be 
cleared by reading or writing the data 
registers. IP must be cleared by command. 
The input register is not emptied while IP is 
set, nor is the output register filled until IP is 
cleared. 

If the Interrupt on Match Only (IMO) bit 1s 
set, IP is set only when the data matches the 
pattern. This is useful in DMA-type application 
when interrupts are required only after a block 
of data is transferred. 


Counter/Timer Operation. The three 
independent 16-bit counter/timers consist of a 
presettable 16-bit down counter, a 16-bit Time 
Constant register, a 16-bit Current Counter 
register, an 8-bit Mode Specification register, 
an 8-bit Command and Status register, and the 


associated control logic that links these registers. 


Function C/T) C/T2 C/Ts3 
Counter/Timer Output PB 4 PB 0 PC 0 
Counter Input PB 5 PB 1 POT 
Trigger Input PB 6 PBZ PC 2 
Gate Input PB 7 PB 3 PCS 


Table 2. Counter/Timer External Access 


The flexibility of the counter/timers is 
enhanced by the provision of up to four lines 
per counter/timer (counter input, gate input, 
trigger input, and counter/timer output) for 
direct external control and status. Counter/ 
Timer 1's external I/O lines are provided by 
the four most significant bits of Port B. 
Counter/Timer 2's are provided by the four 
least significant bits of Port B. Counter/Timer 
3's external I/O lines are provided by the four 
bits of Port C. The utilization of these lines 
(Table 2) is programmable on a bit-by-bit basis 
via the Counter/Timer Mode Specification 
registers. 

When external counter/timer I/O lines are 
to be used, the associated port lines must be 
vacant and programmed in the proper data 
direction. Lines used for counter/timer I/O 
have the same characteristics as simple input 
lines. They can be specified as inverting or 
noninverting; they can be read and used with 
the pattern-recognition logic. They can also 
include the 1's catcher input. 

Counter/Timers 1 and 2 can be linked inter- 
nally in three different ways. Counter/Timer 
1's output (inverted) can be used as Counter/ 
Timer 2's trigger, gate, or counter input. 
When linked, the counter/timers have the 
same capabilities as when used separately. The 
only restriction is that when Counter/Timer 1 
drives Counter/Timer 2’s count input, 
Counter/Timer 2 must be programmed with 
its external count input disabled. 

There are three duty cycles available for the 
timer/counter output: pulse, one-shot, and 
square-wave. Figure 10 shows the counter/ 
timer waveforms. When the Pulse mode 


PCLK/2 OR 
COUNTER INPUT 
TRIGGER | 


| Tc | Tc-1 | Tc-1 | TC-2 


PULSE OUTPUT 
A EE EP TS 

ONE SHOT 

OUTPUT 


SQUARE WAVE 
OUTPUT 


— oo we oe a re IN ES 
SQUARE WAVE 
OUTPUT 


SECOND HALF 


Figure 10. Counter/Timer Waveforms 
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is specified, the output goes High for one 
clock cycle, beginning when the down-counter 
leaves the count of 1. In the One-Shot mode, 
the output goes High when the counter/timer is 
triggered and goes Low when the down- 
counter reaches 0. When the square-wave out- 
put duty cycle is specified, the counter/timer 
goes through two full sequences for each 
cycle. The initial trigger causes the down- 
counter to be loaded and the normal count- 
down sequence to begin. If a 1 count is 
detected on the down-counter’s clocking edge, 
the output goes High and the time constant 
value is reloaded. On the clocking edge, when 
both the down-counter and the output are l’s, 
the output is pulled back Low. a 

The Continuous/Single Cycle (C/SC) bit in 
the Mode Specification register controls opera- 
tion of the down-counter when it reaches ter- 
minal count. If C/SC is 0 when a terminal 
count 1s reached, the countdown sequence 
stops. If the C/SC bit is 1 each time the count- 
down counter reaches 1, the next cycle causes 
the time constant value to be reloaded. The 
time constant value may be changed by the 
CPU, and on reload, the new time constant 
value is loaded. 

Counter/timer operations require loading the 
time constant value in the Time Constant 
register and initiating the countdown sequence 
by loading the down-counter with the time 
constant value. The Time Constant register is 
accessed as two 8-bit registers. The registers 
are readable as well as writable, and the 
access order is irrelevant. A 0 in the Time 
Constant register specifies a time constant of 
65,536. The down-counter is loaded in one of 
three ways: by writing a 1 to the Trigger Com- 
mand Bit (TCB) of the Command and Status 
register, on the rising edge of the external 
trigger input, or, for Counter/Timer 2 only, on 
the rising edge of Counter/Timer 1’s internal 
output if the counters are linked via the trigger 
input. The TCB is write-only, and read always 
returns 0. 

Once the down-counter is loaded, the count- 
down sequence continues toward terminal 
count as long as all the counter/timers’ hard- 
ware and software gate inputs are High. If any 
of the gate inputs goes Low (0), the countdown 
halts. It resumes when all gate inputs are 1 
again. 

The reaction to triggers occurring during a 
countdown sequence is determined by the state 
of the Retrigger Enable Bit (REB) in the Mode 
Specification register. If REB is 0, retriggers 
are ignored and the countdown continues nor- 
mally. If REB is 1, each trigger causes the 
down-counter to be reloaded and the count- 
down sequence starts over again. If the output 
is programmed in the Square-Wave mode, 
retrigger causes the sequence to start over 
from the initial load of the time constant. 


The rate at which the down-counter counts is 
determined by the mode of the counter/timer. 
In the Timer mode (the External Count Enable 
[ECE] bit is 0), the down-counter is clocked 
internally by a signal that is half the frequency 
of the PCLK input to the chip. In the Counter 
mode (ECE is 1), the down-counter is decre- 
mented on the rising edge of the counter/ 
timer’s counter input. 

Each time the counter reaches terminal 
count, its Interrupt Pending (IP) bit is set to 1, 
and if interrupts are enabled (IE=1), an inter- 
rupt is generated. If a terminal count occurs 
while IP is already set, an internal error flag is 
set. As soon as IP is cleared, it is forced to 1 
along with the Interrupt Error (ERR) flag. 
Errors that occur after the internal flag is set 
are ignored. 

The state of the down-counter can be deter- 
mined in two ways: by reading the contents of 
the down-counter via the Current Count 
register or by testing the Count In Progress 
(CIP) status bit in the Command and Status 
register. The CIP status bit is set when the 
down-counter is loaded; it is reset when the 
down-counter reaches 0. The Current Count 
register is a 16-bit register, accessible as two 
8-bit registers, which mirrors the contents of 
the down-counter. This register can be read 
anytime. However, reading the register is 
asynchronous to the counter’s counting, and 
the value returned is valid only if the counter 
is stopped. The down-counter can be reliably 
read ‘‘on the fly” by the first writing of a 1 to 
the Read Counter Control (RCC) bit in the 
counter/timer’s Command and Status register. 
This freezes the value in the Current Count 
register until a read of the least significant 
byte is performed. 


Interrupt Logic Operation. The CIO has five 
potential sources of interrupts: the three 
counter/timers and Ports A and B. The 
priorities of these sources are fixed in the 
following order: Counter/Timer 3, Port A, 
Counter/Timer 2, Port B, and Counter/Timer 
1. Since the counter/timers all have equal 
capabilities and Ports A and B have equal 
capabilities, there is no adverse impact from 
the relative priorities. 

The CIO interrupt priority, relative to other 
components within the system, is determined 
by an interrupt daisy chain. Two pins, Inter- 
rupt Enable In (IEI) and Interrupt Enable Out 
(IEO), provide the input and output necessary 
to implement the daisy chain. When IE] is 
pulled Low by a higher priority device, the 
CIO cannot request an interrupt of the CPU. 
The following discussion assumes that the IE] 
line is High. 

Each source of interrupt in the CIO contains 
three bits for the control and status of the 
interrupt logic: an Interrupt Pending (IP) 
status bit, an Interrupt Under Service (IUS) 


Functional 
Description 
(Continued) 


status bit, and an Interrupt Enable (IE) control 
bit. IP is set when an event requiring CPU 
intervention occurs. The setting of IP results in 
forcing the Interrupt (INT) output Low, if the 
associated IE is 1. 

The IUS status bit is set as a result of the 
Interrupt Acknowledge cycle by the CPU and 
is set only if its IP is of highest priority at the 
time the Interrupt Acknowledge commences. 

It can also be set directly by the CPU. Its 
primary function is to control the interrupt 
daisy chain. When set, it disables lower prior- 
ity sources in the daisy chain, so that lower 
priority interrupt sources do not request ser- 
vicing while higher priority devices are being 
serviced. 

The IE bit provides the CPU with a means of 
masking off individual sources of interrupts. 
When IE is set to 1, interrupt is generated nor- 
mally. When IE is set to 0, the IP bit is set 
when an event occurs that would normally 
require service; however, the INT output is not 
forced Low. 

The Master Interrupt Enable (MIE) bit allows 
all sources of interrupts within the CIO to be 
disabled without having to individually set 
each IE to 0. If MIE is set to 0, all IPs are 
masked off and no interrupt can be requested 
or acknowledged. The Disable Lower Chain 
(DLC) bit is included to allow the CPU to 
modify the system daisy chain. When the DLC 
bit is set to 1, the CIO’s IEO is forced Low, 
independent of the state of the CIO or its IEI 


input, and all lower priority devices’ interrupts 
are disabled. 

As part of the Interrupt Acknowledge cycle, 
the CIO is capable of responding with an 8-bit 
interrupt vector that specifies the source of the 
interrupt. The CIO contains three vector 
registers: one for Port A, one for Port B, and 
one shared by the three counter/timers. The 
vector output is inhibited by setting the No 
Vector (NV) control bit to 1. The vector output 
can be modified to include status information 
to pinpoint more precisely the cause of inter- 
rupt. Whether the vector includes status or not 
is controlled by a Vector Includes Status (VIS) 
control bit. Each base vector has its own VIS 
bit and is controlled independently. When 
MIE = 1, reading the base vector register 
always includes status, independent of the 
state of the VIS bit. In this way, all the infor- 
mation obtained by the vector, including 
status, can be obtained with one additional 
instruction when VIS is set to 0. When 
MIE = 0, reading the vector register returns 
the unmodified base vector so that it can be 
verified. Another register, the Current Vector 
register, allows use of the CIO in a polled en- 
vironment. When read, the data returned is 
the same as the interrupt vector that would be 
output in an acknowledge, based on the 
highest priority IP set. If no unmasked IPs are 
set, the value FFy is returned. The Current 
Vector register is read-only. 


Programming 


The data registers within the CIO are 
directly accessed by address lines Ag and A; 
(Table 3). All other internal registers are 
accessed by the following two-step sequence, 
with the address lines specifying a control 
operation. First, write the address of the target 
register to an internal 6-bit Pointer Register; 
then read from or write to the target register. 
The Data registers can also be accessed by 
this method. 

An internal state machine determines if 
accesses with Ap and A) equalling 1 are to the 
Pointer Register or to an internal control 
register (Figure 11). Following any control 
read operation, the state machine is in State 0 
(the next control access is to the Pointer 
Register). This can be used to force the state 
machine into a known state. Control reads in 
State 0 return the contents of the last register 


A, Ag Register 
0 0 Port C’s Data Register 
0 ] Port B’s Data Register 
] 0 Port A’s Data Register 
] l Control Registers 


Table 3. Register Selection 


pointed to. Therefore, a register can be read 
continuously without writing to the Pointer. 
While the CIO is in State 1 (next control 
access is to the register pointed to), many 
internal operations are suspended—no IPs are 
set and internal status is frozen. Therefore, to 
minimize interrupt latency and to allow con- 
tinuous status updates, the CIO should not be 
left in State 1. __ ae 

The CIO is reset by forcing RD and WR Low 
simultaneously (normally an illegal condition) 
or by writing a 1 to the Reset bit. Reset 
disables all functions except a read from or 
write to the Reset bit; writes to all other bits 
are ignored, and all reads return Oly. In this 
state, all control bits are forced to 0 and may 
be programmed only after clearing the Reset 
bit (by writing a 0 to it). 


os RD OR WR 


__._ RD OR 
WR (BIT 0 = 14) 


HARDWARE 
OR 
SOFTWARE (POINTER 
RESET REGISTER) 
WR TO REG.O 
(BIT 0 = 1) 
NOTE: State changes oceur only when Ag = Ay = 1. No other 


accesses have effect. 


Figure 11. State Machine Operation 
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Registers 
Master Interrupt Control Register 


Address: 000000 
(Read/Write) 


‘TERKEEW 


MASTER saiehipy | L | Une 
ENABLE (MIE) 
RIGHT JUSTIFIED ADDRESSES 
DISABLE LOWER CHAIN (DLC) 0 = SHIFT LEFT (Ap from AD.) 
1=RIGHT JUSTIFY (Ao from ADo) 
NO VECTOR (NV) 
COUNTER/TIMERS VECTOR 
PORT A VECTOR INCLUDES INCLUDES STATUS (CT VIS) 


STATUS (PA VIS) 
PORT B VECTOR INCLUDES 
STATUS (PB VIS) 


PORT C AND COUNTER/ — 


Master Configuration Control Register 
Address: 000001 
(Read/Write) 


[7] Bs] Ds | Dy | Ds [De | Ds | Da | 
TB 7 me COUNTER/TIMER LINK 


POR 
ENABLE (PBE) CONTROLS (LC) 
LCt CO 
COUNTER/TIMER 1 
ENABLE (CT1E) “0 0 COUNTER/TIMERS INDEPENDENT 


0 1 C/T 1's OUTPUT GATES C/T 2 

1 0 CIT 1’s OUTPUT TRIGGERS CIT 2 

1 1 C/T 1's OUTPUT IS C/T 2’s 
COUNT INPUT 


PORT A ENABLE (PAE) 
PORT LINK CONTROL (PLC) 


0=PORTS A AND B OPERATE INDEPENDENTLY 
1=PORTS A AND B ARE LINKED 


COUNTER/TIMER 2 
ENABLE (CT2E) 


TIMER 3 ENABLE 
(PCE AND CT3E) 


Figure 12. Master Control Registers 


Port Mode Specification Registers 
Addresses: 100000 Port A 
101000 Port B 
(Read/Write) 


PIECE 
PORT TYPE elt 


i LATCH ON PATTERN MATCH (LPM) 


aaa DESKEW TIMER ENABLE (DTE) 

PTS1 PTSO. (HANDSHAKE MODES) 

0 O BITPORT 

0 1 INPUTPORT PATTERN MODE SPECIFICATION 

10 OUTPUT PORT BITS (PMS) 

1 1 BIDIRECTIONAL PMS1 PMSO 

PORT 0 0 DISABLE PATTERN MATCH 
INTERRUPT ON TWO 0 1 “AND"MODE 
BYTES (ITB) 1 0 “OR” MODE 
1 1 “OR-PRIORITY ENCODED 


VECTOR” MODE 


SINGLE BUFFERED 
si INTERRUPT ON MATCH ONLY (IMO) 


ODE (SB) 


Port Handshake Specification Registers 
Addresses: 100001 Port A 
101001 Port B 
(Read/Write) 


PSENCICACICACACS 
a (ee DESKEW TIME SPECIFICATION 
BITS 


SPECIFIES THE MSB’s OF 
DESKEW TIMER TIME CONSTANT 
LSB IS FORCED 1. 


HANDSHAKE TYPE SPECIFICATION ae 
BITS (HTS) 
HTS1 HTSO 


“0 Oo 
0 1 STROBED HANDSHAKE 

1 0 PULSED HANDSHAKE 

1 1 THREE-WIRE HANDSHAKE 


INTERLOCKED HANDSHAKE 


REQUEST/WAIT SPECIFICATION BITS 
(RWS) 


RWS2 RWS1 RWSO FUNCTION 
REQUESTI/WAIT DISABLED 
OUTPUT WAIT 

INPUT WAIT 

SPECIAL REQUEST 
OUTPUT REQUEST 

INPUT REQUEST 


+++000| 
sc0+00| 
asoss0) 


Port Command and Status Registers 


Addresses: 001000 Port A 
001001 Port B 
(Read/Partial Write) 


INTERRUPT UNDER a 
1 
| 
{ 


SERVICE (IUS) 
INTERRUPT ENABLE (1E) 


INTERRUPT PENDING (IP) 


US, IE, AND IP ARE WRITTEN USING 
THE FOLLOWING CODE: 

NULL CODE 

CLEAR IP & IUS 

SET IUS 

CLEAR 1US 

SET IP 

CLEAR IP 

SET IE 

CLEAR IE 


INTERRUPT ERROR (ERR) 
(READ ONLY) 


Figure 13. 


L INTERRUPT ON ERROR (IOE) 
PATTERN MATCH FLAG (PMF) 
(READ ONLY) 


INPUT REGISTER FULL (IRF) 
(READ ONLY) 


OUTPUT REGISTER EMPTY (ORE) 
(READ ONLY) 


Port Specifications Registers 


LEIS ET EE ET EE ST EEO LDS ETE SELL ITT LTTE LOCATE TELE DTTC EE ES TET SAPO EIT III TT. ETE TE EE SITE I TE IIE ETE TATE I SL NIT TE AO EI IT RINE IT IEE EE ITS OST IIE LOEB TEE OIE IE ISTE ELE EIR 
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Registers Data Path Polarity Registers Data Direction Registers 


(Continued) Addresses: 100010 Port A Addresses: 100011 Port A 
101010 Port B 101011 Port B 
000101 Port C (4 LSBs only) 000110 Port C (4 LSBs only) 
(Read/Write) (Read/Write) 


DICSEICICICSCAC PICEA 
a DATA PATH POLARITY (DPP) a eae DATA piece tN (DD) 


0=NON-INVERTING 0=OUTPUT BI 
1=INVERTING 1=INPUT BIT 


Special I/O Control Registers 
Addresses: 100100 Port A 
101100 Port B 
000111 Port C (4 LSBs only) 
(Read/Write) 


CaCAC IACI 
ene SPECIAL INPUT/OUTPUT (SIO) 


0=NORMAL INPUT OR OUTPUT 
1= OUTPUT WITH OPEN DRAIN OR 
INPUT WITH 1’s CATCHER 


Figure 14. Bit Path Definition Registers 


Port Data Registers Port C Data Register 
Addresses: 001101 Port A* Address: 001111* 
001110 Port B* (Read/Write) 
(Read/Write) 


[D7 | Be [Ds | Ds | Da [Bs | Dy | Do | 
[Dr | De | Bs | Ds [Da | Da | Ds | Do 


4 MSBs 
* oe 
— 0 = WRITING OF CORRESPONDING LSB ENABLED 
These Fogel Can be 1=WRITING OF CORRESPONDING LSB INHIBITED 
addressed directly. (READ RETURNS 1) 


Figure 15. Port Data Registers 


Pattern Polarity Registers (PP) 
Addresses: 100101 Port A [Dy | Dg | Ds | Dy | Ds | De | Dy | Do | 


101101 Port B | 
(Read/Write) 


Pattern Transition Registers (PT) 


Addresses: 100110 Port A [D, | Dg [Ds [D4] D3{D2]0; {Oo} | PM PT PP PATTERN SPECIFICATION 
0 OO X_ BIT MASKED OFF 
101110 Port B | 0 1 X ANY TRANSITION 
(Read/Write) an a te 
1 1 0 ONE TO ZERO TRANSITION (\) 
1 1 1  ZERO-TO-ONE TRANSITION (/) 


Pattern Mask Registers (PM) 
Addresses: 100111 Port A [D, | Dg | Ds | Dg | Ds | De | Ds | Do | 


101111 Port B | 
(Read/Write) 


Figure 16. Pattern Definition Registers 
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Registers Counter/Timer Command and Status Registers 
(Continued) Addresses: 001010 Counter/Timer 1 
001011 Counter/Timer 2 
001100 Counter/Timer 3 
(Read/Partial Write) 


[Dr | De [Ds | Bs | Ds [Ds | Dy | Do] 


L COUNT i inter (CIP) 
(READ O 
TRIGGER COMMAND BIT (TCB) 
(WRITE ONLY - READ RETURNS 0) 
GATE COMMAND BIT (GCB) 


INTERRUPT UNDER SERVICE (!US) 
INTERRUPT ENABLE (iE) 
INTERRUPT PENDING (IP) 


IUS, IE, AND IP ARE WRITTEN USING 
THE FOLLOWING CODE. 


NULL CODE 
CLEAR IP & IUS 
SET 1US 
CLEAR IUS 
SET IP 

CLEAR IP 

SET IE 

CLEAR IE 


READ COUNTER SOMTaoh (RCC) 
(READ/SET ONLY 
CLEARED BY READING CCR LSB) 


INTERRUPT ERROR (ERR) 
(READ ONLY) 


Counter/Timer Mode Specification Registers 
Addresses: 011100 Counter/Timer 1 
011101 Counter/Timer 2 
011110 Counter/Timer 3 
(Read/Write) 


[7] Be | Bs | De [Da | De | Dy | Do| 


CONTINUOUS SIN- - OUTPUT DUTY CYCLE 
GLE CYCLE (C/SC) SELECTS (DCS) 
EXTERNAL OUTPUT pest peso SPSEOUAHUE 
ENABLE (EOE) 
0 1 ONE-SHOT OUTPUT 
1 0 SQUARE-WAVE OUTPUT 
EXTERNAL COUNT 
aE eee 1. 1 DONOTSPECIFY 
EXTERNAL TRIGGER RETRIGGER ENABLE BIT (REB) 


ENABLE (ETE 
EXTERNAL GATE ENABLE (EGE) 


en 


Counter/Timer Current Count Registers 
Addresses: 010000 Counter/Timer 1’s MSB 
010001 Counter/Timer 1’s LSB 
010010 Counter/Timer 2’s MSB 
010011 Counter/Timer 2’s LSB 
010100 Counter/Timer 3’s MSB 
010101 Counter/Timer 3’s LSB 


(Read Only) 


Lr | Be ] Ds | Da | Ds] D2] Ds | Dy | Br | De | Ds [D4 | Da | Bz] Ds | Do) 
| ae LEAST 


MOST 
SIGNIFICANT SIGNIFICANT 
BYTE BYTE 


Counter/Timer Time Constant Registers 
Addresses: 010110 Counter/Timer 1's MSB 
010111 Counter/Timer 1's LSB 
011000 Counter/Timer 2’s MSB 
011001 Counter/Timer 2’s LSB 
011010 Counter/Timer 3’s MSB 
011011 Counter/Timer 3’s LSB 


(Read/Write) 


TB]. [ a] 55]. [os]. ] Pe] ] 0s] 5.] Ps] ©] 


SIGNIFICANT SIGNIFICANT 
BYTE BYTE 


Figure 17. Counter/Timer Registers 
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Registers Interrupt Vector Register Current Vector Register 
(Continued) Addresses: 000010 Port A Address: 011111 
000011 Port B (Read only) 
000100 Counter/Timers 
(Read/Write) [Pr | Be | Ds [Bs | Ds} Dz | Ds | Po] 
SERREREE LL ganar peep ie 
UNMASKED IP. 
| IF NO INTERRUPT PENDING 
INTERRUPT VECTOR ALL 1’s OUTPUT 
PORT VECTOR STATUS 
PRIORITY ENCODED VECTOR MODE: 
D3 D2 Dy 
x XX NUMBER OF HIGHEST PRIORITY BIT 
WITH A MATCH 
ALL OTHER MODES: 
Ds O2 Dy 
ORE IRF PMF NORMAL 
0 0 0 ERROR 
COUNTER/TIMER STATUS 
D2 04 
0 CIT 3 
0 1 CIT 2 
1 0 cir 4 
1 1 ERROR 
Figure 18. Interrupt Vector Registers 
Register Main Control Registers Port A Specification Registers 
Address Address Register Name Address Register Name 
Summary 000000 Master Interrupt Control 100000 Port A’s Mode Specification 
000001 Master Configuration Control 100001 Port A’s Handshake Specification 
000010 Port A’s Interrupt Vector 100010 Port A’s Data Path Polarity 
000011 Port B’s Interrupt Vector 100011 Port A’s Data Direction 
000100 Counter/Timer’s Interrupt Vector 100100 Port A’s Special I/O Control 
000101 Port C’s Data Path Polarity 100101 Port A‘s Pattern Polarity 
000110 Port C’s Data Direction 100110 Port A’s Pattern Transition 
000111 Port C’s Special I/O Control 100111 Port A's Pattern Mask 
Most Often Accessed Registers Port B Specification Registers 
Address Register Name Address Register Name 
001000 Port A’s Command and Status 101000 Port B’s Mode Specification 
001001 Port B’s Command and Status 101001 Port B’s Handshake Specification 
001010 Counter/Timer 1's Command and Status 101010 Port B’s Data Path Polarity 
001011 Counter/Timer 2's Command and Status 101011 Port B’s Data Direction 
001100 Counter/Timer 3's Command and Status 101100 Port B’s Special I/O Control 
001101 Port A's Data (can be accessed directly) 101101 Port B’s Pattern Polarity 
001110 Port B’s Data (can be accessed directly) 101110 Port B’s Pattern Transition 
001111 Port C’s Data (can be accessed directly) 10111] Port B’s Pattern Mask 
Counter/Timer Related Registers 
Address Register Name 
010000 Counter/Timer 1's Current Count-MSBs 
010001 Counter/Timer 1's Current Count-LSBs 
010010 Counter/Timer 2’s Current Count-MSBs 
010011 Counter/Timer 2's Current Count-LSBs 
010100 Counter/Timer 3's Current Count-MSBs 
010101 Counter/Timer 3’s Current Count-LSBs 
010110 Counter/Timer 1’s Time Constant-MSBs 
010111 Counter/Timer 1’s Time Constant-LSBs 
011000 Counter/Timer 2's Time Constant-MSBs 
011001 Counter/Timer 2’s Time Constant-LSBs 
011010 Counter/Timer 3’s Time Constant-MSBs 
011011 Counter/Timer 3’s Time Constant-LSBs 
011100 Counter/Timer 1’s Mode Specification 


011101 
011110 
011111 


TRL LE EL a a SE SD ITT OS I LT EI TE SI ERI EE TL ES TIS ESP 25 TT SE IEE SE A AIT I OSA IDES I NE TI ACTS T TP EEE TEE IEG LEAT TELE 
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Counter/Timer 2’s Mode Specification 
Counter/Timer 3’s Mode Specification 
Current Vector 
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Timing 


Read Cycle. At the beginning of a read cycle, 
the CPU places an address on the address bus. 
Bits Ag and A) specify a CIO register; the 
remaining address bits and status information 
are combined and decoded to generate a Chip 
Enable (CE) signal that selects the CIO. When 
Read (RD) goes Low, data from the specified 
register is gated onto the data bus. 


RD \ / 


Figure 19. Read Cycle Timing 


Interrupt Acknowledge. The CIO pulls its 
Interrupt Request (INT) line Low, requesting 
interrupt service from the CPU, if an Interrupt 
Pending (IP) bit is set and interrupts are 
enabled. The CPU responds with an Interrupt 
Acknowledge cycle. When Interrupt Acknowl- 
edge (INTACK) goes true and the IP is set, the 


Write Cycle. At the beginning of a write 
cycle, the CPU places an address on the data 
bus. Bits Ap and A specify a CIO register; the 
remaining address bits and status information 
are combined and decoded to generate a Chip 
Enable (CE) signal that selects the CIO. When 
WR goes Low, data placed on the bus by the 
CPU is strobed into the specified CIO register. 


WR \ / 


Figure 20. Write Cycle Timing 


CIO forces Interrupt Enable Out (IEO) Low, 
disabling all lower priority devices in the inter- 
rupt daisy chain. If the CIO is the highest 
priority device requesting service (IEI is 
High), it places its interrupt vector on the data 
bus and sets the Interrupt Under Service (IUS) 
bit when Read (RD) goes Low. 


int a, Ae 
a / 


Do-D7 nf} 


VECTOR 


Figure 21. Interrupt Acknowledge Timing 
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Absolute 


Voltages on all inputs and outputs 


Stresses greater than those listed under Absolute Max- 


Maximum with respect toGND.......... -0.3Vto +7.0V mum Ratings may cause permanent damage to the device. 
Rati This 1s a stress rating only; operation of the device at any 
atings Operating Ambient condition above those indicated 1n the operational sections 
Temperature ............0000. As Specified in of these specifications 1s not imphed. Exposure to absolute 
: ; maximum rating conditions for extended periods may affect 
Ordering Information device ile 
Storage Temperature........ -65°C to +150°C 
Standard The characteristics below apply for the m@+4.75 V < Voo = +5.25 V 
Test following standard test conditions, unless m=» GND =O0V 
Conditions otherwise noted. All voltages are referenced to CE ee ee ee a tere en eee ee 
GND. Positive current flows into the refer- a eeeP g | 
enced pin. Standard conditions are as follows: All ac parameters assume a load capacitance 
of 50 pF max. 
+5V +5V 
22K 
FROM OUTPUT 2.2K 
UNDER TEST 
FROM OUTPUT 
eS 250 UNDER TEST 
pF 
| es 50 pF | 
Figure 22. Standard Test Load Figure 23. Open-Drain Test Load 
DC Symbol Parameter Min Max Unit Condition 
Charac- 
teristics Ving Input High Voltage 2.0 Veco +0.3 V 
Vin Input Low Voltage -0.3 0.8 V 
Vox Output High Voltage 2.4 V log = — 250 pA 
Vo. Output Low Voltage 0.4 V Io, = +2.0 mA 
0.5 V Ip, = +3.2mA 
I Input Leakage + 10.0 pA 04<Vy s +2.4V 
IL IN 
lo Output Leakage + 10.0 pA 0.4 = Voyy = +2.4V 
loc Voc Supply Current 200 mA 
Voc = 5V + 5% unless otherwise specified, over specified temperature range. 
Capacitance Symbol Parameter Min Max Unit Test Condition 
Cn Input Capacitance 10 pF ianceared Ons 
Court Output Capacitance 15 pF Retmned io Crannd 
Cyo Bidirectional Capacitance 20 pF 


f = 1 MHz, over specified temperature range. 


ETL BOE ee La EE TEE TE RS TE DES EN SE STEEL GET OEE STO PEE LT REIT TIT DCE BROS NI STITT EE SEES IEG ET IEEE ECS ET TE LEN IE PT IE I EES ETD 
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CPU 


anne (paar 
Interface 
Timing peas S g 
~ ot Orli+ +1 © fn 
INTACK @ o— XN 3 
ae aa 
tn = 
+) 
<5) —> 
cE 
RD 
Do-D7 
READ 
wR 
Do-D7 
WRITE 


a a, oe 


(30) 
RD or WR 
Interrupt PATTERN Met on PATTERN MATCHES 
ae INPUT(S E 
Timing BIT POR 


ACKIN 
NOTE 4 
(32) 
COUNTER 
INPUT 
) ETT 
PCLK 


= ——— 


Interrupt 
Acknowledge INTACK 


Timing 
RD 
a © 
a ite ey 
eS aaa 
Dee ee 


INT 
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No. Symbol 
] TcPC 
2 TwPCh 
3 TwPCl 
4 TreC 
5 — TiPC 
6  TsIA(PC) 
7 ThIA(PC) 
8 TsIA(RD) 
9 ThIA(RD) 


10 — TsIA(WR) 
11 ThIACWR) 


12. TsA(RD) 
13. ThA(RD) 
14. TsA(WR) 
15 — ThA(WR) 


16 TsCEIRD) 
17. TsCEh(RD) 
18 ThCE(RD) 
19 TsCEl(WR) 


20 — TsCEh(WR)—— 


21 ThCE(WR) 
22 TwRDl 


23. TdRD(DRA) 


24 TdRDf(DR) 


25> TdRDr(DR) 
26 TdRD(DRz) 


27 TwWRIl 


28 TsDW(WR) 
29. ThDW(WR) 


30 Tre 


31 TdPM(INT) 


32. TdACK(INT) 


33. TdCI INT) 
34. TdPC(INT) 


35 TsIA(RDA) 
36 TwRDA 


37 TdRDA(DR) 


38 TdlA(IEO) 


39. Tdlk EO) = 
40 TsIEI(RDA) 

41 ThIEI(RDA) 

42 TdRDACINT) 


NOTES. 
1 


Parameter 


PCLK Cycle time 

PCLK Width (High) 

PCLK Width (Low) 

PCLK Rise Time 

PCLK Fall Time 

INTACK to PCLK t Setup Time 
INTACK to PCLK 1 Hold Time 
INTACK to RD | Setup Time 
INTACK to RD t Hold Time 
INTACK to WR | Setup Time 
INTACK to WR t Hold Time 
Address to RD | Setup Time 
Address to RD t Hold Time 
Address to WR | Setup Time 
Address to WR t Hold Time 
CE Low to RD | Setup Time 

CE High to RD | Setup Time 
CE to RD t Hold Time 

CE Low to WR | Setup Time 
CE High to WR | Setup Time 
CE to WR t Hold Time 

RD Low Width 

RD | to Read Data Active Delay 
RD | to Read Data Valid Delay 
RD t to Read Data Not Valid Delay 
RD 1 to Read Data Float Delay 
WR Low Width 

Write Data to WR | Setup Time 
Write Data to WR t Hold Time 


Valid Access Recovery Time 


Pattern Match to INT Delay (Bit Port) 
ACKIN to INT Delay (Port with Handshake) 
Counter Input to INT Delay (Counter Mode) 
PCLK to INT Delay (Timer Mode) 


INTACK TO RD | (Acknowledge) Setup Time 
RD (Acknowledge Width) 

RD | (Acknowledge) to Read Data Valid Delay 
INTACK | to IEO } Delay 

IEI to IEO Delay 

IEI to RD | (Acknowledge) Setup Time 

IEI to RD t (Acknowledge) Hold Time 

RD | (Acknowledge) to INT t Delay 


. Parameter does not apply to Interrupt Acknowledge 


transactions. 


2. Float delay is measured to the time when the output has 
changed 0 5 V with minimum ac load and maximum de load 


w 


Tre is 1wS or TcPC, whichever 1s longer 


4. The delay 1s from DAV } for 3-Wire Input Handshake. The 
delay 1s from DAC ft for 3-Wire Output Handshake. 
5. The parameters for the devices in any particular daisy chain 


4 MHz 6 MHz 
Min Max Min Max Notes*f 
250 4000 165 4000 
105 2000 70 2000 
105 2000 70 2000 
20 10 
20 15 
100 100 
0 0 
200 200 
0 0 
200 200 
0 0 
80 80 
0 0 
80 80 
0 0 
0 0 ] 
100 70 ] 
0 0 1 
0 0 
100 70 
0 0 
390 250 1 
0 0 
255 180 
0 0 
70 45 2 
390 250 
0 0 
0 0 
1000* 650 3 
2 2 6 
10 10 46 
2 2 6 
3 3 6 
350 250 5 
350 250 
250 180 
350 250 S) 
10 SSS SS OS 
100 70 D 
100 70 
600 600 


must meet the followng constraint: The delay from INTACK | to 
RD ! must be greater than the sum of TdIA(IEO) for the highest 
priority peripheral, TsIEI(RDA) for the lowest priority 
peripheral, and TdIEI(IEO) for each peripheral separating them 
in the chain 

6. Units equal to TcPC + ns. 

*Timings are preliminary and subject to change 

{Units in nanoseconds, except as noted. 
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Strobed 


Handshake a, Ce 
INPUT 


ACKIN 


eee Seen 
KGKIN 


@ ©) 
(10) 
DAV (®) 


OUTPUT 


Interlocked 
mere a ce 
Oo (ti) 
INPUT ACKIN 
RFD 
se 
OUTPUT < ACKIN ) 
a aa 
—— () 
DAV 


3-Wire 


Handshake DATA Ga, 
(1) (17) 
DAV 
INPUT 
RFD 
OUTPUT 
DAC 
OUTPUT 


INPUT 


2) 
(28) 3) 
mr 
) 


DAV 
OUTPUT 


OUTPUT 


a a a TE NS LE TP I EY ER SE Pa EET TIE TR TT A OT a ONS TO EES A eT I LETT TTA LITE ET TS TES EAR LR EERE TELE LLL EE AE IEEE LOE ELI IDLE NT OLE LL ETO SEEDED TE IEEE, 
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4 MHz 6 MHz 
No. Symbol Parameter Min Max Min Max 
1 TsDI(ACK) Data Input to ACKIN | Setup Time 0 0 
2  ThDI(ACK) Data Input to ACKIN | Hold Time— 
Strobed Handshake 
3  TdACK{(RFD) ACKIN | to RFD | Delay 0 0 
4 TwACK]l ACKIN Low Width—Strobed Handshake 
5— TwACKh ACKIN High Width—Strobed Handshake 
6 TdRFDr(ACK) RFD t to ACKIN | Delay 0 0 
7 TsDO(DAV) Data Out to DAV | Setup Time 25 20 
8 TdDAVKACK) DAV! to ACKIN | Delay 0 0 
9 ThDO(ACK) Data Out to ACKIN | Hold Time 2 2 
10 — TdACK(DAV) — ACKIN | to DAV t Delay ————---_-____- 2 _—_—____ 2 
1] THDI(RFD) Data Input to RFD ! Hold Time—Interlocked 
Handshake 
12 TdRFD&ACK) RFD ! to ACKIN 1 Delay Interlocked Handshake 0 0 
13. TdACKr(RFD) ACKIN t (DAV t) to RFD t Delay—Interlocked and 
3-Wire Handwshake 0 0 
14 TdDAVr(ACK) DAVt to ACKIN t (RFD t)—Interlocked and 3-Wire 
Handshake 0 0 
15 — TdACK(DAV)— ACKIN t (RFD t) to DAV | Delay—lInterlocked and 
: 3-Wire Handshake 0 0 
16 TdDAVIfDAC) DAV! toDACt Delay—Input 3-Wire Handshake 0 0 
17. ThDI(DAC) Data Input to DAC t Hold Time—3-Wire Handshake 0 0 
18 TdDACOrDAV) DAC t to DAV t Delay—Input 3-Wire Handshake 0 0 
19 TdDAVIr(DAC) DAVt to DAC |} Delay—Input 3-Wire Handshake 0 0 
20 — TdDAVOf(DAC) DAV ! to DAC t Delay—Output 3-Wire Handshake — 0 0 
21 ThDO(DAC) Data Output to DAC t Hold Time—3-Wire 
Handshake 2 2 
22 TdDACIr(DAV) DAC t to DAV t Delay—Output 3-Wire Handshake 2 2 
23 TdDAVOr(DAC) DAV t to DAC | Delay—Output 3-Wire Handshake 0 0 


Notes*t 


NOTES: 


1. This trme can be extended through the use of deskew timers. 


2 Units equal to TcPC. 


ences assume 2.0 V for a logic “1” and 0.8 V for a logic “0 
t Units in nanoseconds (ns), except as noted. 


wn 


* Timings are preliminary and subject to change. All timing refer- 
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Counter/ 


Timer PCLK 
PCLK/2 
INTERNAL 
( ) | e 
: Ther a 
G)>| ~< (4) 
COUNTER 
INPUT 
<-> en Ome 
<)> <2} 
TRIGGER 
INPUT 
Ho 
INPUT 
COUNTER 
OUTPUT ( 
4 MHz 6 MHz 
No. Symbol Parameter Min Max Min Max Notes* Tf 
L Tec] Counter Input Cycle Time 500 330 
2 TCirh Counter Input High Width 230 150 
3. TWCII Counter Input Low Width 230 150 
42: —iC] Counter Input Fall Time 20 15 
5 — TrCl Counter Input Rise Time 20 15 
6 TsTI(PC) Trigger Input to PCLK | Setup Time (Timer Mode) l 
7  TsTI(CT) Trigger Input to Counter Input | Setup Time 
(Counter Mode) l 
8 TwiTI Trigger Input Pulse Width (High or Low) 
9 TsGI(PC) Gate Input to PCLK | Setup Time (Timer Mode) ] 
10 — TsGI(CI) Gate Input to Counter Input | Setup Time 
(Counter Mode) ] 
Tel ThGI(PC) Gate Input to PCLK | Hold Time (Timer Mode) l 
12) ThG@(Cl) Gate Input to Counter Input | Hold Time 
(Counter Mode) i 
13 TdPC(CO) PCLK to Counter Output Delay (Timer Mode) 
14 TdCl(CO) Counter Input to Counter Output Delay 
(Counter Mode) 
NOTES. 


1. These parameters must be met to guarantee trigger or gate 
are valid for the next counter/timer cycle. 


* Timings are preliminary and subject to change All timing refer- 
ences assume 2 0 V for a logic “1” and 0 8 V for a logic “0” 
{ Units in nanoseconds (ns). 
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REQUEST/ 


WAIT 
Timing 
No. Symbol 
1  TdRD(REQ) 
2  TdRD(WAIT) 
3. TdWR(REQ) 
4. TdWR(WAIT) 


5-—— TdPC(REQ) —-—PCLK | to REO t Delay 


6 TdPC(WAIT) 
Z  TdACK(REQ) 
8 TdACK(WAIT) 


4 MHz 6 MHz 
Min Max Min Max Notes*T 
RD | to REQ | Delay 
1,2 
1,2 


NOTES: 


| 


Parameter 


RD |! to WAIT | Delay 
WR ! to WAIT ! Delay 
WR | to WAIT ! Delay 


PCLK ! to WAIT ft Delay 
ACKIN } to REQ t Delay 
ACKIN |! to WAIT f Delay 


1. The delay is fronm DAV ! for 3-Wire Input Handshake. The 
delay 1s from DAC f for 3-Wire Output Handshake. 


2. Units equal to TcPC + ns. 


* Timings are preliminary and subject to change. All timing refer- 
ences assume 2.0 V for a logic “1” and 0.8 V for a logic “0”. 
tT Units in nanoseconds (ns), except as noted 


Reset 
Timing 


No. Symbol 


TdRD(WR) 
2  TdWR(RD) 
3 TwRES 


RESET 
INTERNAL 


Parameter 


Delay from RD t to WR } for No Reset 
Delay from WR t to RD } for No Reset 


4 MHz 
Min Max 
50 
50 


6 MHz 
Min Max 
50 
50 
250 


Notes*t 


Minimum Width of RD and WR both Low for Reset 250 


* Timings are preliminary and subject to change. All timing refer- 
ences assume 2.0 V for a logic “1” and 0.8 V for a logic “0”. 


t Umtes in nanoseconds (ns). 
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Miscellaneous 


Port o- aoe 
Timing ANY INPUT 
1’s CATCHER I | 
INPUT 
PATTERN 
INPUT(S) 
DATA TO BE 
LATCHED TO 
PATTERN MATCH 
4 MHz 6 MHz 
No. Symbol Parameter Min Max Min Max Notes*t 
1 Tri Any Input Rise Time 100 100 
2 Tfi Any Input Fall Time 100 100 
3. Twl'’s l’s Catcher High Width 250 170 l 
4  TwPM Pattern Match Input Valid (Bit Port) 750 500 
5  TsPMD Data Latched on Pattern Match Setup Time (Bit Port) 0 0 
6 ThPMD Data Latched on Pattern Match Hold Time (Bit Port) 1000 650 
NOTES: 


* Timings are preliminary and subject to change. All timing 
references assume 2.0 V for a logic “1” and 0.8 V for a logig “0”. 
t Units in nanoseconds (ns). 


1 If the input 1s programmed inverting, a Low-going pulse of the 
same width will be detected. 


Ordering Product Package/ Product Package/ 

Information Number Temp Speed Description Number Temp Speed Description 
28536 CE 4.0 MHz CIO (40-pin) Z8536A CE 6.0 MHz CIO (40-pin) 
Z8536 CM 4.0 MHz Same as above Z8536A CM ~~ 6.0 MHz Same as above 
Z8536 CMB 4.0 MHz Same as above Z8536A CMB 6.0 MHz Same as above 
Z8536 Co 4.0 MHz Same as above Z8536A CS 6.0 MHz Same as above 
Z8536 DE 4.0 MHz Same as above Z8536A DE 6.0 MHz Same as above 
28536 DS 4.0 MHz Same as above Z8536A DS 6.0 MHz Same as above 
Z8536 PE 4.0 MHz Same as above Z8536A PE 6.0 MHz Same as above 
Z8536 PS 4.0 MHz Same as above Z8536A PS 6.0 MHz Same as above 


NOTES: C = Ceramic, D = Cerdip, P = Plastic, E = -40°C to +85°C, M = -55°C to 125°C, MB = -55°C to 125°C with MIL-STD-883 
with Class B processing, S = 0°C to +70°C. 
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28581 Clock Generator 
and Controller 


Vl 


Product 


a 
Zilog Brief 
June 1982 
Features m@ Two independent 20 MHz oscillators. O Provides ability to stretch High or Low 
@ Clock output drivers meet the high capaci- phase of clock signal under external 
tance clock input requirements of NMOS control. 
microprocessors. @ General-Purpose Clock oscillator 
@ Outputs directly drive the Z80 and Z8000 O Provides an NMOS clock signal at half 
microprocessor clock inputs. source frequency. 
@ Oscillator input frequency reference source @ System Reset output 
can be either crystals or TTL-compatible O Reset output is synchronized with System 
oscillators. Clock output. 
@ System Clock oscillator C1 Power up reset period is maintained for a 
O Provides a TTL-compatible timebase sig- minimum of 30 ms. 
nal at source frequency. O External input initiates system reset. 
O Provides an NMOS-compatible clock sig- m 18-pin slimline package used; single +5 V 
nal at a programmable percentage of the de power required. 
source frequency. 
Introduction The Z8581 Clock Generator and Controller and LSI peripherals. The clock output drivers 
is a versatile addition to Zilog’s family of of the Z8581 also meet the non-TTL voltage 
Universal microprocessor components. The requirements for driving NMOS clock inputs 
selective clock-stretching capabilities and with no additional external discrete transistors. 
variety of timing outputs produced by this In general, the Z8581 provides an elegant, 
device allow it to easily meet the timing design single-chip solution to the design of system 
requirements of systems with microprocessors clocks for microprocessor-based products. 
General The Z8581 1s produced in an 18-pin package oscillators, cycle stretching logic, and reset 
Description (see Figure | for pin functions and Figure 2 for synchronization and delay logic. 


pin assignments); 1t contains two separate 


—— 
ZcLK | __. 
STRETCH 
CONTROL . 

——| 


TIME BASE 


RESET ) ——> SYSTEM CLOCK 
CONTROL RSTO 
START COUNT ——> 


NO. OF RISING 
EDGES COUNTED 


Figure 1. Pin Functions 


REF. FREQ. SOURCE 


REF. FREQ. SOURCE 
FOR GEN. PURPOSE OSC 


GENERAL PURPOSE CLOCK 


FOR SYS. CLOCK OSC 


1 
2 
3 
4 
5 
6 
7 
8 
9 


Figure 2. Pin Assignments 
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General 
Description 
(Continued) 


The Z8581 oscillators are referenced as the 
System Clock oscillator and the General- 
Purpose Clock oscillator. Both oscillators are 
driven by external crystals or other frequency 
sources. 


System Clock Oscillator. The timing outputs 
provided by this oscillator consist of a Time 
Base output (OSC), at the frequency of the 
reference source, and a stretchable System 
Clock output (ZCLK), at a frequency deter- 
mined by the stretch control inputs. An on- 
chip TTL driver at OSC and an NMOS driver 
at ZCLK eliminate the need for external buffers 
or drivers. The NMOS drivers can drive 200 
pF loads to within 0.2 volts of Vec and sink 

8 mA. Output rise and fall times are 10 ns. 

ZCLK can be stretched under program or 
hardwired control by selectively adding 
periods equivalent to a full OSC cycle to 
either the High or Low portion of a clock 
cycle. One, two, or three periods can be 
added to double, triple, or quadruple the 
duration of the selected ZCLK half-cycle. Add- 
ing periods to ZCLK 1s a function of the ADD 1 
and ADD2 inputs. These active Low inputs are 
sampled prior to the rising edge of signal 
OSC; their sampled status represents the 
number of periods to be added to ZCLK. 

Two additional control inputs, INH and 
STRH, affect the stretch function. Input INH, 
when asserted, inhibits the function of ADD1 
and ADD2. Input STRH stretches the ZCLK 
output for as long as it 1s asserted (Low); it 
overrides all other stretch control inputs. 

Table 1 summarizes the functions performed 
by the stretch control inputs. 


STRH INH ADD1 ADD2 Periods Added 
0 xX X X Unhmited 
i 0 X X 0 
] ] 0 0 3 
] l 0 l 2 
] l l 0 ] 
] l l ] 0 


Notes X = Don’t Care, 1 = High, 0 = Low 


Table 1. Stretch Control Functions 


The clock stretch capability allows systems to 
run at the nominal high speed of ZCLK, except 
during cycles that require more time than 
usual to complete a transaction. For example, 
extended access time may be required in 
accessing certain areas of memory, In access- 
ing I/O devices or in other CPU/Peripheral 
transactions. Figures 3 and 4 illustrate, respec- 
tively, the circuit configuration and timing 
required to stretch the Z8000 address strobe 
(AS) and data strobe (DS) to allow more time 
for address functions and to enable the CPU to 
operate with memories that have a relatively 
long access time. 

In addition, the ZCLK stretch control logic 
can be hardwired to meet various duty cycle 
requirements. For example, a simple hard- 
wired connection can cause every other ZCLK 
cycle to be stretched to produce a ZCLK out- 
put with a 33% duty cycle. 

The System Clock oscillator also provides a 
system reset output (RTSO) that is synchro- 
nized with ZCLK. This output is controlled by 
a system reset input (RSTI) during normal 
system reset operations and by delay circuitry 
in the System Clock oscillator during power up 
operations. During a normal system reset 
operation a Low on RSTI causes RSTO to be 
asserted (set Low) on the next rising edge of 
ZCLK. Output RSTO is held Low for a period 
of 16 ZCLK clock cycles (the required reset 
time for both the Z80 and Z8000 CPU system 
reset functions). During a power up operation, 
RSTO 1s asserted for a minimum of 30 ms after 


Figure 3. Configuration for Stretching 28000 
Address (AS) and Data (DS) Strobes 
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General 


Description 
(Continued) 


power is turned on (the time required for both 
the Z80 and Z8000 power up functions). 

The System Clock oscillator also contains a (Z8000) input signal. 
2-bit ZCLK counter. This counter, when in1itial- 
ized by the assertion of STRT, counts the next 
four rising edges of the ZCLK output. The cur- 
rent count 1s presented on outputs CO and Cl. 
This counter and its outputs enable the user to 
determine the occurrence (rising edge) of each 
of four clocks after a specific event (STRT 1s 
asserted). This facility can, for example, be 
used to determine when a delay 1s to be 


General-Purpose Oscillator. This oscillator 
provides a fixed frequency General-Purpose 
Clock output (TCLK) at half its source fre- 
guency. This output 1s useful for system timing 
functions such as controlling a baud rate 


inserted into a CPU machine cycle when STRT 
is triggered by either an M1] (Z80) or an AS 


=p aaa generator. Output TCLK can also be used as 


Clock oscillator. 


~~ 1 > |-—___ hh —______> |< T3 ——>| 


ZCLK 


DS TWO OSC CLOCK PERIODS ADDED —| | 


Figure 4. Timing Diagram, Stretching Z8000 AS and DS 


the frequency reference source for the System 


ae EL NT EEE SICH SE SE BE LE PPE SE ETT SAE STI A ST EE EITM DELLE TS PTE STOTT EBITD TE IE OEE ST EE OT AY TTI PS TEE A DE TE TOT SE ATE TEESE ATT TTT 


00-2248-01 


2248-004 


YOLWHINAD HOOT) 18S8Z 


28590 
UPC Universal 
Peripheral Controller 


- Product 


s iy i] 
Zilog Specification 
June 1982 
Features m@ Complete slave microcomputer, for each with a 6-bit prescaler. Counter/Timer 
distributed processing use. TO is driven by an internal source, and 


Counter/Timer Tl can be driven by internal 
or external sources. Both counter/timers are 
independent of program execution. 


@ Unmatched power of Z8 architecture and 
instruction set. 
m@ Thre ble I/O ts, t ith 
optional 2°Wire Handshake. Serine ee mM 256-byte register file, accessible by both the 
master CPU and UPC, as allocated in the 


M Six levels of priority interrupts from eight UPC program. 


sources: six from external sources and two 


faci maternal eounces, @ 2K bytes of on-chip ROM for efficiency and 


versatility. 
m Two programmable 8-bit counter/timers 
General The Z8590 Universal Peripheral Controller microcomputer architecture and instruction 
Description (UPC) is an intelligent peripheral controller set, the UPC contains 2K bytes of internal pro- 
for distributed processing applications (Figure gram ROM, a 256-byte register file, three 8-bit 
3). The UPC unburdens the host processor by I/O ports, and two counter/timers. 
assuming tasks traditionally done by the host The UPC offers fast execution time, an 
(or by added hardware), such as performing effective use of memory, and sophisticated 
arithmetic, translating or formatting data, and interrupt, I/O, and bit manipulation. Using 
controlling I/O devices. Based on the Z8 a powertul and extensive instruction set 
+5V[]1 40[ J P3, 
PCLK[ }|2 39 | P3g 
gett PORT 1 1EO OR P37[7]3 38 [J P27 
{EI OR P3gf |4 371 I] P2, 
INT OR P35[_]5 36 [J P25 
INTACK OR P32["]6 351] P2, 
BUS RO[|7 341°] P23 
TIMING | WR |8 331} P22 
AND RESET PORT 3 ADC }9 321} P21 
CONTROL a jt P20 
) GND }41 307 J P33 
WAIT }12 291 J P34 
MASTER | ——»| iNTACK OR P32 OB7 {J 13 280] P17 
DBe{_ | 14 271 J Pte 
INTERRUPT | ~~] {1 OR P80 PORT 2 pes] 15 26 [-] P1s 
DBa[_l16 250 J P14 
+5 V —— > DB3{_|17 241 | Pts 
PCLK ——— > DB2{_ 18 23] p12 
DBif 419 227 7 Pt, 
GND ——> 
DBol_/]20 217 T Pio 
Figure 1. Pin Functions Figure 2. Pin Assignments 
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General 
Description 
(Continued) 


To 
MASTER 
cpu 


DBo- DB7 Ge 


INTACK -—-——— 


combined with an efficient internal 
addressing scheme, the UPC speeds 
program execution and efficiently packs 
program code into the on-chip ROM. 

An important feature of the UPC is an inter- 
nal register file containing I/O port and con- 
trol registers accessed both by the UPC pro- 
gram and indirectly by its associated master 
CPU. This architecture results in both byte 
and programming efficiency, because UPC 
instructions can operate directly on I/O data 
without moving it to and from an accumulator. 
Such a structure allows the user to allocate as 
many general purpose registers as the applica- 
tion requires for data buffers between the CPU 
and peripheral devices. All general-purpose 
registers can be used as address pointers, 
index registers, data buffers, or stack space. 

The register file is logically divided into 16 
groups, each consisting of 16 working 
registers. A Register Pointer is used in con- 
junction with short format instructions, 
resulting in tight, fast code and easy task 
switching. 

Communication between the master CPU 
and the register file takes place via one group 
of 19 interface registers addressed directly by 
both the master CPU and the UPC, or via a 
block transfer mechanism. Access by the 
master CPU is controlled by the UPC to allow 
independence between the master CPU and 
UPC software. 

The UPC has 24 pins that can be dedicated 
to I/O functions. Grouped logically into three 


HOST CPU 
INTERFACE 


INTERFACE 
REGISTERS 
(PART OF REGISTER 
FILE) 


Alo ——>- 
RD ———> 
WR ———> 
cS ——» 
WAIT 


INT 


i6l ———p> 
IEO 


(0 FUNCTION 


1S OPTIONAL) +5V GND PCLK 


UPC MICROCOMPUTER 


PROGRAM 
MEMORY 
2K x 8 


ae AND CONTROL 


INTERNAL INSTRUCTION BUS 


REGISTER 
FILE 
256 x 8 


| 
| 
Z-BUS ALU 
INTERRUPT | AND 
LOGIC | FLAGS 


8-line ports, they can be programmed in many 
combinations of input or output lines, with or 
without handshake, and with push-pull or 
open-drain outputs. Ports 1 and 2 are bit- 
programmable; Port 3 has four fixed inputs 
and four outputs. 

To relieve software from coping with real- 
time counting and timing problems, the UPC 
has two 8-bit hardware counter/timers, each 
with a fixed divide-by-four, and a 6-bit pro- 
grammable prescaler. Various counting modes 
may be selected. 

In addition to the 40-pin standard configura- 
tion, the UPC is available in four special con- 
figurations: 


mw A 64-pin RAM development version with 
external interface for up to 4K bytes of RAM 
and 36 bytes of internal ROM permitting 
down-loading from the master CPU. 


m A Protopack RAM version with a socket for 
up to 2K bytes of RAM, with 36 bytes of 
internal ROM permitting down-loading from 
the master CPU. 


m A 64-pin ROM development version with 
external interface for up to 4K bytes of ROM 
and no internal ROM. 


m A Protopack ROM version with a socket for 
2K bytes of ROM and no internal ROM. 


This range of versions and configurations 
makes the UPC compatible with most system 
peripheral device control considerations. 


PROGRAM 
COUNTER 


<< 
poet We) 


HANDSHAKE 


ba ee atl 
eet 0 


HANDSHAKE 


uo 


UPC 
INTERRUPT 
LOGIC 


Figure 3. Functional Block Diagram 
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Pin 
Description 


Functional 
Description 


2017-001, 002 


A/D. Address/Data (input). A Low on this pin 
defines information on the data bus as an 
address. A High defines the information 

as data. 


CS. Chip Select (input, active Low). A Low 
enables the UPC to accept address or data 
information from the master CPU during a 
write cycle or to transmit data to the master 
CPU during a read cycle. This line is usually 
generated from higher bits of the address 
lines. 


DB)-DB,. Data Bus (bidirectional). This bus is 
used to transfer address and data information 
between the master CPU and the UPC. 


Plo-Ply, P29-P27, P39-P37. J/O Port Lines 
(bidirectional, TTL compatible). These 24 lines 
are divided into three 8-bit I/O ports and may 
be configured in the following ways under pro- 
gram control: 


Plo-Ply7. Port J (input/output—as output it can 
be push-pull or open-drain). Bit-programmable 
Parallel I/O. 


P29-P27. Port 2 (input/output—as output, it can 


Address Space. On the 40-pin UPC, all 


address space is committed to on-chip 
memory. There are 2048 bytes of mask- 
programmed ROM and 256 bytes of register 
file. I/O is memory-mapped to three registers 
in the register file. Only the Protopack and 
64-pin versions of the UPC can access external 
program memory. See the section entitled 
“Special Configurations’’ for complete descrip- 
tions of the Protopack and 64-pin versions. 


Program Memory. Figure 4 is a map of the 2K 
on-chip program ROM. Even though the archi- 
tecture allows addresses from 0 to 4K, behav- 
ior of the device above program address 2047 
(7FFH) is not defined. The first 12 bytes of pro- 
gram memory are reserved for the UPC 
interrupt vectors. For the Protopack and 64-pin 
versions, the address space is extended to 4096 
bytes. In the RAM versions, addresses OCH 


2047 


LOCATION OF 
FIRST BYTE OF 
INSTRUCTION 
EXECUTED AFTER 
RESET 


eae 
11 IRQS LOWER BYTE 


IRQ1 LOWER BYTE 
IRQ1 UPPER BYTE 
IRQO LOWER BYTE 
IRQO UPPER BYTE 


ore 


~ 


a 


a 


> 


M 


Figure 4. Program Memory Map 


be push-pull or open-drain). Bit-programmable 
Parallel I/O. 


P39-P37. Port 3 (four inputs, four outputs). 
Parallel I/O, handshake control, timer I/O, or 
interrupt control. 


PCLK. Clock (input). TTL-compatible clock 
input, 4 MHz maximum. This signal does not 
need to be related to the master CPU clock. 


RD. Read (input, active Low). A Low enables 
the master CPU to read information from the 
UPC. Raising the voltage on this pin above 
Vpp will force the UPC into test mode. 


WAIT. Wait (output, active Low, open-drain). 
When the CPU accesses the UPC register file, 
this signal requests the master CPU to wait 
until the UPC can complete its part of the 
transaction. 


WR. Write (input, active Low). A Low on this 
pin enables the master CPU to write informa- 
tion to the UPC. A simultaneous Low on RD 
and WR resets the UPC. It is held in reset as 
long as WR is Low. 


through 2FH are reserved for on-chip ROM. 


Register File. This 256-byte file includes three 
I/O port registers (1-3H), 234 general-purpose 
registers (6-EEH), and 19 control, status and 
special I/O registers (OH, 4H, 5H, and 
FO-FFH). The functions and mnemonics 
assigned to these register address locations 
are shown in Figure 5. Of the 256 UPC 
registers, 19 can be directly accessed by the 
master CPU; the others are accessed indirectly 
via the block transfer mechanism. 


IDENTIFIER 
(UPC Side) 


LOCATION 
FFH 
FEH 
FDH 
FCH 
FBH 
FAH 
FOH 
F8H 
F7H 
F6H 
F5H 
F4H 
F3H 
F2H 
F1H 
FOH 
EFH 


GENERAL-PURPOSE REGISTERS 
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Functional 
Description 
(Continued) . 


THE 4-BIT REGISTER 
POINTER PROVIDES THE 
UPPER NIBBLE OF THE 
REGISTER FILE ADDRESS 
FOR THE 4-BIT ADDRESS 
MODE 


The I/O port and control registers are 
included in the register file without differen- 
tiation. This allows any UPC instruction to 
process I/O or control information, thereby 
eliminating the need for special I/O and con- 
trol instructions. All general-purpose registers 
can function as accumulators, address 
pointers, or index registers. In instruction exe- 
cution, the registers are read when they are 
defined as sources and written when defined as 
destinations. 

UPC instructions may access registers 
directly or indirectly using an 8-bit address 
mode or a 4-bit address mode and a Register 
Pointer. For the 4-bit addressing mode, the file 
is divided into 16 working register groups, 
each occupying 16 contiguous locations 
(Figure 6). The Register Pointer (RP) addresses 
the starting point of the active working-register 
group, and the 4-bit register designator sup- 
plied by the instruction specifies the register 
within the group. Any instruction altering the 
contents of the register file can also alter the 
Register Pointer. The UPC instruction set has a 
special Set Register Pointer (SRP) instruction 
for initializing or altering the pointer contents. 


Stacks. An 8-bit Stack Pointer (SP), register 
R255, is used for addressing the stack, 
residing within the 234 general-purpose 
registers, address location 6H through EFH. 
PUSH and POP instructions can save and 
restore any register in the register file on the 
stack. During CALL instructions, the Program 
Counter is automatically saved on the stack. 
During UPC interrupt cycles, the Program 
Counter and the Flag register are automati- 
cally saved on the stack. The RET and IRET 
instructions pop the saved values of the Pro- 
gram Counter and Flag register. 


0000 


THE LOWER NIBBLE 


INSTRUCTION. 


Figure 6. Register Pointer Mechanism 


OF THE REGISTER FILE 


Ports. The UPC has 24 lines dedicated to 
input and output. These are grouped into three 
ports of eight lines each and can be con- 
figured under software control as inputs, out- 
puts, or special control signals. They can be 
programmed to provide Parallel I/O with or 
without handshake and timing signals. All out- 
puts can have active pullups and pulldowns, 
compatible with TTL loads. In addition, they 
may be configured as open-drain outputs. 


Port 1. Individual bits of Port 1 can be con- 
figured as input or output by programming 
Port 1 Mode register (P1M) F8H. This port is 
accessed by the UPC program as general 
register 1H. It is written by specifying address 
1H as the destination of any instruction used to 
store data in the output register. The port is 
read by specifying address 1H as the source of 
an instruction. 

Port 1 may be placed under handshake con- 
trol by programming Port 3 Mode register 
(P3M) F7H. This configures Port 3 pins P33 
and P34 as handshake control lines DAV, and 
RDY}) for input handshake, or RDY] and DAV) 
for output handshake, as determined by the 
direction (input or output) assigned to bit 7 of 
Port 1. The Port 3 Mode register also has a bit 
that programs Port 1 for open-drain output. 


Port 2. Individual bits of Port 2 can be con- 
figured as inputs or outputs by programming 
Port 2 Mode register (P2M) F6H. This port is 
accessed by the UPC program as general 
register 2H, and its functions and methods of 
programming are the same as those of Port 1. 
Port 3 pins P3, and P3¢ are the handshake 
lines DAV2 and RDY2, with the direction (input 
or output) determined by the state of bit 7 of 
the port. The Port 3 Mode register also has a 
bit used to program Port 2 for open-drain 
output. 


Function Line Direction Signal 
P3) In DAV2/RDY2 
Handshake P34 Out RDY)/DAV, 
P3g Out RDY2/DAV2 
UPC Interrupt ae a mG: 
Request P3q Tn IRQ) 
. P3) In T7N 
Counter/Timer { P36 Out Tout 
P35 Out INT _ 
P35 In INTACK 
Master CPU P3g In IEI 
P37 Out IEO 
Test Mode P35 Out A/D 


*P39, P3), and P33 can always be used as UPC interrupt 
request inputs, regardless of the configuration 
programmed, 


Table 1. Port 3 Control Functions 
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Functional 
Description 
(Continued) 


Port 3. This port can be configured as I/O or 
control lines by programming the Port 3 Mode 
register. Port 3 is accessed as general register 
3H. The directions of the eight data lines are 
fixed. Four lines, P39 through P33, are inputs, 
and the other four, P34 through P37, are out- 
puts. The control functions performed by Port 
3 are listed in Table 1]. 


Counter/Timers. The UPC contains two 8-bit 
programmable counter/timers, each driven by 
an internal 6-bit programmable prescaler. 

The Tl prescaler can be driven by internal 
or external clock sources. The TO prescaler is 
driven by an internal clock source. Both 
counter/timers operate independently of the 
processor instruction sequence to relieve the 
program from time-critical operations like 
event counting or elapsed-time calculation. TO 
Prescaler register (PREO) F5H and T1 Pre- 
scaler register (PRE1) F3H can be programmed 
to divide the input frequency of the source 
being counted by any number from 1 to 64. A 
counter register (F2H or F4H) is loaded with a 
number from 1 to 256. The corresponding 
counter is decremented from this number each 
time the prescaler reaches end-of-count. When 
the count is complete, the counter issues a 
timer interrupt request; IRQ, for TO or IRQs 
for Tl. Loading either counter with a number 
(n) results in the interruption of the UPC at the 
nth count. 

The counters can be started, stopped, 
restarted to continue, or restarted from the ini- 
tial value. They can be programmed to stop 
upon reaching end-of-count (Single-Pass 
mode) or to automatically reload the initial 
value and continue counting (Modulo-n Con- 
tinuous mode). The counters and prescalers 
can be read at any time without disturbing 
their values or changing their counts. The 
clock sources for both timers can be defined as 
any one of the following: 


@ UPC internal clock (4 MHz maximum) 
divided by four. 


@ External clock input to Counter/Timer T1 
via P3) (1 MHz maximum). 


@ Retriggerable trigger input for the UPC 
internal clock divided by four. 


@ Nonretriggerable trigger input for the UPC 
internal clock divided by four. 


@ External gate input for the UPC internal 
clock divided by four. 


Interrupts. The UPC allows six interrupts from 
eight different sources as follows: 


@ Port 3 lines P39, P32, and P33. 
@ The master CPU(3). 
m@ The two counter/timers. 


These interrupts can be masked and globally 
enabled or disabled using Interrupt Mask 
Register (IMR) FBH. Interrupt Priority Register 
(IPR) F9H specifies the order of their priority. 
All UPC interrupts are vectored. 

Table 2 lists the UPC’s interrupt sources, 
their types, and their vector locations in pro- 
gram ROM. Interrupt Request IRQ¢ is 
dedicated to master CPU communications. 
Interrupt Requests IRQ), IRQ2, and IRQ3 are 
generated on the falling transitions of external 
inputs P33, P3), and P3o. Interrupt Requests 
IRQ4 and IRQs are generated upon the timeout 
of the UPC’s two counter/timers. When an 
interrupt request is granted, the UPC enters an 
interrupt machine cycle. This cycle disables all 
subsequent interrupts, saves the Program 
Counter and Status Flags, and branches to the 
program memory vector location reserved for 
that interrupt. This memory location and the 
next byte contain the 16-bit address of the 
interrupt service routine for that particular 
interrupt request. 

The UPC also supports polled systems. To 
accommodate a polled structure, any or all of 
the interrupt inputs can be masked and the 
Interrupt Request register polled to determine 
which of the interrupt requests needs service. 

Following any hardware reset operation, an 
EI instruction must be executed to enable the 
setting of any interrupt request bit in the 
IRO register. Interrupts must be disabled prior 
to changing the content of either the IPR 
(FQOH) or the IMR (FBH). DI is the only instruc- 
tion that should be used to globally disable 
interrupts. 


Vector 

Name Source Location Comments 
IRQo EOM, XERR, LERR 0,1 Internal (RO Bits 0, 1, 2) 
IRQ) DAV}, IRQ) 2,3 External (P33) | Edge Triggered 
IRQ> DAV2, IRQ2, Tin 4,5 External (P3)) | Edge Triggered 
IRQ3 IRQ3, IEI 67 External (P39) | Edge Triggered 
IRQ, TO 8,9 Internal 
IRQs Tl 10d Internal 


Table 2. Interrupt Types. Sources, and Vector Locations 
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Functional 
Description 
(Continued) 


Master CPU Register File Access. There are 
two ways in which the master CPU can access 
the UPC register file: direct access and block 
access. 


Direct Access. Three UPC registers—the Data 
Transfer Control (OH), the Master Interrupt 
Vector (FOH), and the Master Interrupt Control 
(FEH)—are mapped directly into the master 
CPU address space. The master CPU accesses 
these registers via the addresses shown in 
Table 3. 

The master CPU also has direct access to 16 
registers known as the DSC (Data, Status, 
Command) registers. The DSC registers are 
numbered 0 through F (DSCO-DSCF). These 
registers can be any 16 contiguous register file 
registers beginning on a 16-byte boundary. 
The base address of the DSC register group is 
designated by the IRP (I/O Register Pointer), 
which is bits Dg-D7 of the Data Transfer Con- 
trol register (OH). Figure 7 shows how the 
register address is made up of the 4-bit IRP 
field, concatenated with the low order 4-bits of 
the address from the master CPU. 


Block Access. The master CPU may transmit 
or receive blocks of data via address xxx10101. 
When the master CPU accesses this address, 
the UPC register pointed to by the Data 
Indirection register is read or written. The 
Data Indirection register is incremented, and 
the Limit Count register is decremented, for 
example, when the master CPU issues a read 
or write to address xxx10101 while the Data 


DTC REGISTER (OH) 
IRP 


———— 
[Dr | De [Ds |B, | Da | De | Dy | Do | 


ADDRESS FROM CPU 


[Ar | Ae] As | Aa] Aa] Aa] Ar | Ao| 


[Rr] Re [Rs [Ra | Ro | Re Rr | Ro 


REGISTER 
FILE 


Figure 7. DSC Register Addressing Scheme 


Indirection register contains the value 33H. 
The operation causes register 33H to be read 
or written and the Data Indirection register to 
be incremented to 34H. This scheme is well 
suited to Block I/O Instructions and allows the 
master CPU to efficiently read or write a block 
of data to or from the UPC. 

The Limit Count register (04H) is 
decremented and 1s used to control the 
number of bytes to be transferred by master 
CPU block accesses. If the master CPU 
attempts a read or write to the UPC after the 
Limit Count register reaches O, the access 1s 
not completed, the LERR bit (D)) of the Data 
Transfer Control register is set (indicating a 
limit error), and the LERR error causes an 
IRQ interrupt request. 

The IRP field of the Data Transfer Control 
register, the Data Indirection register, and the 
Limit Count register are not directly accessible 
to the master CPU and therefore must be set 
by the UPC. This allows the UPC to protect 
itself from master CPU errors and frees the 
master CPU from tracking the UPC’s internal 
data layout. 


UPC Address 

Decimal Hex Identifier Address 
0 OH DTC xxx11000 

5 5H DIND 
@5** @5H** xxx10101 
240 FOH MIV xxx 10000 
254 FEH MIC xxx11110 
*n DSCO xxx00000 
n+l DSCl xxx00001 
n+2 DSC2 xxx00010 
n+3 DSC3 xxx00011 
n+4 DSC4 xxx00100 
n+5 DSC5 xxx00101 
n+6 DSC6 xxx00110 
n+7 DSCz xxx00111 
n+8 DSC8 xxx01000 
n+9 DSC9 xxx01001 
n+10 DSCA xxx01010 
n+1] DSCB xxx01011 
n+12 DSCC xxx01100 
n+13 DSCD xxx01101 
n+14 DSCE xxx01110 
n+15 DSCF xxx0111]1 


x = don't care 
*“n 1s the value in the IRP x 16 
**Master CPU accesses the register address in Register 5. 


Table 3. Master CPU/UPC Register Map 
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Special 
Configura- 
tions 


There are two Protopack and two 64-pin ver- 
sions of the UPC. These versions are iden- 
tical to the 40-pin UPC with the following 
exceptions: 


@ Internal ROM is totally omitted from the 
64-pin development and ROM Protopack 
versions. 


@ All but 36 bytes of internal ROM are omitted 
from the 64-pin RAM and Protopack RAM 


versions. 


m@ The memory address and data lines are buf- 
fered and brought out to external pins or to 
the socket on the Protopack. 


@ Control lines for the external memory are 
also provided. 


The 64-pin version of the UPC allows the 
user to prototype the system in hardware with 
an actual UPC device and to develop the code 
intended to be mask programmed into the 
on-chip ROM of the 40-pin UPC for the pro- 
duction system. The 64-pin or Protopack RAM 
versions of the UPC are extremely versatile 
parts. Memory space can be extended to 4K 
bytes on the 64-pin version by using external 
RAM/ROM for all but 36 bytes of the UPC’s 
memory space. This memory can then be 
down-loaded from the master CPU using a 
bootstrap program stored in the 36 bytes 
(C-2F). Figure 8 is a memory map for the 
64-pin RAM version. 


FFFH 


EXTERNAL 
PROGRAM MEMORY 
RAM 


30H 
2FH 
INTERNAL 
BOOTSTRAP ROM 

ROM 


Z UPC INTERRUPT 
VECTORS 


EXTERNAL 
RAM 


Figure 8. UPC RAM Version Memory Map 


64-Pin and Protopack Pin Functions. Forty of 
the pins on the 64-pin and Protopack versions 
have functions identical to those of the 40-pin 
version. The remaining 24 pins have additional 
functions described below. (Figures 9 through 
11 show the 64-pin and Protopack versions’ pin 
functions and pin assignments.) 


Ay-Aj,. Program Memory Address Lines (out- 
put). These lines are identical in all 64-pin and 
RAM versions in the Protopack. They are used 
to address 4K bytes of external UPC memory. 


Do-Dy. Program Data (input). Data is read in 
from the external memory on these lines. The 
RAM version also writes external memory 
through this bus. 


IACK. Jnterrupt Acknowledge (output, active 
High). This signal is active whenever an inter- 
nal UPC interrupt cycle is in process. 


BUS PORT 1 
BUS 
TIMING 
AND RESET 
CONTROL PORT 2 
INTERRUPT 
PORT 3 
EXTERNAL 
DATA 
EXT 
EXTERNAL ADD. 
CONTROL 
PCLK 
+5V GND 


Figure 9. Z8591/Z8592 UPC Pin Functions 
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Special 


MAS. Memory Address Strobe (output, active 


MR/W. Memory Read/Write (output RAM ver- 


Configura- Low). This address strobe is pulsed once for sions only). This signal is High when the UPC 
tions each memory fetch to interface with quasi- is fetching an instruction and Low when it is 
(Continued) static RAM. loading external memory. 
MDS. Memory Data Strobe (output, active SYNC. Instruction Sync (output, active Low). 
Low). This signal is Low during an instruction This signal is Low during the clock cycle just 
fetch or memory write. preceding an opcode fetch. 
P3.(}1 64 [J+5V 
P3g[_J 2 63 [_] PCLK 
P27[}3 62 |] P37/EO 
P25(_] 4 61 | _] P3p/lEt 
P2s[]5 60 [| P3c/INT 
P24(_] 6 59 [_] P3yiINTACK 
P23(]7 58 [AD 
P2o[] 68 WR 
P2; (]} 9 56 [) AID 
P20] 55|_JCS 
P33 | 54 |] WAIT 
P34 (_] 53 |_]DB7 
P17{J 52 |] DBg 
P16] 51|_J DBs 
P1s | 50 || DB, 
P14] 49 |_| DBg 
Pt (J 481) GND 
Pte[ | 18 47 |_] DB2 
P14([] 19 46 |] DB; 
PtoL_| 20 45 |_| DBo 
D7 {} 21 44} ]SYNC 
De [|] 22 43 |_] MAS 
Ds [|] 23 42 []|MDS 
Da[_| 24 41] MRIWNACK 
Ao L] 25 40 {| Do 
a, (i 26 39{ D4 
Ag {] 27 38 {]D2 
Ag {| 28 37 [_]D3 
Aa Ul 29 36 [Ad *SOCKET FOR 2716 EPROM (2K x 8) OR RAM 
As{_} 30 35 |} Ato 
Ag [I 31 34[Ag 
Ay] 32 331 ]As 
Figure 10. Z8591/Z8592 UPC Pin Assignments Figure 11. Z8593/Z8594 UPC Protopack Pin Assignments 
Addressing The following notation is used to describe the RR Register pair or working-register pair address 
Modes addressing modes and instruction operations as IRR _Indhrect register pair or indirect working-register 
shown in the instruction summary. pair address 
Irr Indirect working-register pair onl 
R Register or working-register address ono P : 
; X Indexed address 
r Working-register address only ; 
ates DA Direct address 
IR Indirect-register or indirect working-register ; 
RA Relative address 
address 
Ir Indirect working-register address only IM Immediate 
Additional dst Destination location or contents Assignment of a value is indicated by the symbol 
Symbols src Source location or contents ‘“.—". For example, 
cc Condition code (see list) dst — dst + src 
@ Indirect address prefix indicates that the source data is added to the 


SP Stack Pointer (control register FFH) 

PC Program Counter 

FLAGS Flag register (control register FCH) 

RP Register Pointer (control register FDH) 

IMR Interrupt Mask register (control register FBH) 


destination data and the result is stored in the 

destination location. The notation “addr(n)” is used 

to refer to bit “n” of a given location. For example, 
dst (7) 


refers to bit 7 of the destination operand. 
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Flags 


Control Register FCH contains the following six 


Affected flags are indicated by: 


flags 0 Cleared to zero 
Cc Carry flag ] Set to one 
y 4 Zero flag * Set or cleared according to operation 
s Sign flag - Unaffected 
Vv Overflow flag x Undefined 
D Decimal-adjust flag 
H Half-carry flag 
Condition Value Mnemonic Meaning Flags Set 
Codes 
1000 Always true — 
O11) Cc Carry ore el 
111] NC No carry C-=0 
0110 Z Zero Z =] 
1110 NZ Not zero Z =0 
1101 PL Plus S =0 
0101 MI Minus S- =] 
0100 OV Overflow i ea 
1100 NOV No overflow V =0 
0110 EQ Equal Z =] 
1110 NE Not equal Z. ='0 
1001 GE Greater than or equal (S XOR V) = 0 
0001 LT Less than (S XOR V) = 1 
1010 GT Greater than [Z OR (S XOR V)] = 0 
0010 LE Less than or equal [Z OR (S XOR V)] = 1 
1111 UGE Unsigned greater than or equal C=0 
0111 ULT Unsigned less than C=1 
1011 UGT Unsigned greater than (C=0 ANDZ=0) =1 
0011 ULE Unsigned less than or equal (C OR Z) = 1 
0000 Never true — 
Instruction 
Formate CCF: DIET, NOP 
One-Byte Instructions 
| OPC | MODE | CLR, CPL, DA, DEC, 
on [141 0] devere] DECW. INC, thew, PoP, ee on [ET Ta[TaeT] 12,08, 586,808, 
ee ee’ Pet for [xa tol at J 
JP, CALL (Indirect) 
[|___dst____+| or Tope | MopE | ADC; ADD, AND, CP, 
| orc SRP a on Eee sol ast] rei ti xR 
| MODE | OPC _| LD 
| OPC | MODE | ADC, ADD, AND, a ee RR) 
| dst | sre | TCM, TM, cerita Pst | OR [1.4.10] ast 
| MODE | opc | LD, LDE, LDEI, [MODE | OPC | LD 
Ree re! | dstierc | x | 
}dstisre | OPC _| Lo 
OR |_cc | OPC | JP 
| Ay 
[ast_[ orc LD Pa. 
| OPC CALL 
fee ae — oh 
Two-Byte Instructions Three-Byte Instructions 
2037-013 7a 


JdN 06S8Z 


Opcode Lower Nibble (Hex) 


Map 
0 1 2 3 4 5 6 7 
6,5 6,5 6,5 10,5 10,5 10,5 10,5 
0 DEC | ADD} ADD| ADD| ADD! ADD| ADD 
TR} r1,12 r1,Ir2 | R2,Ri| IR2,Ri} Ri,IM| IRi,IM 
6,5 10,5 10,5 a . = ae 
l RLC ADC; ADC 
IR, R2,Ri | IR2,R1 a or nah 
10,5 10,5 10,5 10,5 
2 SUB |} SUB | SUB; SUB 
R2,R1i| IR2,R1i{} Ri,IMj IRi,IM 
10,5 10,5 10,5 10,5 
3 SBC | SBC | SBC! SBC 
R2,Ri | [R2,R1i| Ri,IM| IRi,IM 
10,5 10,5 oi . si 
4 OR OR 
R2,Ri | IR2,R1 sot a i 
10,5 10,5 10,5 10,5 
5 AND | AND | AND| AND 
R2,Ri | IR2,Ri | Ri,IM| IRi,IM 
10,5 10,5 10,5 
x 6 TCM | TCM | TCM 
C R2,R1 | IR2,Ri | Ri, IM 
is 10,5 | 10,5 ah 5 
a 7 PUSH PUSH ™ ™ 
3 R2 IR2 R2,Ri | IR2,Ri | RB a 
me 10,5 10,5 
& 8 
=] 
9 
ve . S pe . 
A 
hace Pat eae bai 
10,5 10,5 a : 10,5 
B on XOR | XOR XOR 
r1,Ir2 | Re2,Ri | IR2,Ri ay IRi,IM 
18,0 ae 5 
Cc LDCI 
Irj, Irr2 rl, X, me 
12,0 18,0 20,0 20,0 ac 5 
D ‘aha LDC | LDCI | CALL* ee 
IRi r2,Irri1 |Ir2,Irr1} IRR 12, X, a 
6,5 6,5 6,5 10,5 10,5 10,5 
E a RR LD LD LD 
TR r1,Ir2 | R2,Ri | IR2,Ri | Ri,IM | IRi,IM 
Pe 5 
F SWAP aap 
IR1 ae a 1 
Bytes per 
Instruction 
Lower 
Opcode 
Nibble 
Execution | Pipeline 
Cycles 4 Cycles 
Upper 10,5 
Opcode ——> A CP Mnemonic 
Nibble R2,Ri 
First Second 
Operand Operand 


*2-byte instruction; fetch cycle appears as a 3-byte instruction. 


6,5 
LD 
r1,R2 


6,5 
LD 
r2,R1 


Legend: 


R = 8-Bit Address 
r = 4-Bit Address 
Ri or ri = Dst Address 
Re or re = Sre Address 


Sequence: 
Opcode, First Operand, Second Operand 


Note: The blank areas are not defined. 
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Instruction Instruction Addr Mode ere Flags Affected Instruction Addr Mode Caen Flags Affected 
d Operati en... |. ca near aa Tee i ————__ Byte ———__—_ 
Summary and Operation =a. sre (Hex) CZSVDH and Operation a4; src (Hex) CZSVDH 
ADC dst,src (Note 1) 1O se e & OQ * LDE dst,src r Irr 82 ------ 
dst — dst + src + C dst — src Irr r 92 
ADD dst,src (Note 1) 00 ee ee 0 * LDEI dst,src Ir Irr 838 ------ 
dst - dst + src dst — src Irr Ir 93 
r-r+]; r-—rr+1 
AND dst,src To sc a ON LE ee 
dst — det AND sre be) cena ened 
CALL dst DA D6 ------ OR dst,src (Note 1) 40 a9 Orv S 
SP — SP-2 IRR D4 dst — dst OR src 
@SP — PC; PC + dst POP dst R er hee oe eee, 
CCF ie? — Ngee ce dst - @SP IR 5] 
C-NOTC : SP — SP +1 
BE eh ho PUSH src R 70 eee ee ee 
rigs Ee S SP—SP-1;@SP-src IR 71 
COM dst R 60 ae ae ee ae ; Ge) eee 
dst — NOT dst IR 61 Ba ee ee 
= RET Re ~ ne ie eS 
dst,src (Note 1) AQ a PC — @SP: SP-SP +2 
st - src 
DA dst R 40 eee Yo RL dst eu i . a a 
dst — DA dst IR 4] Ee ee ILE ee ee OO Ee OP SE 
DEC dst R 00 ee ee: ded eer . a a oa 
dst + dst - 1 IR 01 a ee 
DECW dst RR 380 sae a at RR dst caer . a a 
dst + dst - 1 IR 81 $$ $$ 
DI Bap ele es RRC dst (al B Co a 
yr" IR Cl 
IMR (7) — 0 a F eee ee 
st,src Note 1 30 se ee ] * 
DJNZ r,dst RA TA ae dst — dst -sre-C ia 
r-r-] r=0-F ea ee re eS en Cn a 
ir #0 SCF DF PE a et tee 
PC — PC + dst C+ 1 
Range: +127, -128 ee ee ee ee oe a 
: SRA dst [5 5 R DO tee Q - - 
: eee cr 
cee acess SRP src Im Bic | ie ae Ss 
INC dst r rE -— t+ ee RP sro 
dst — dst + 1 r=0-F SUB dst,src (Note 1) 20) t+ ee *e ] * 
R 20 dst — dst - src 
= . SWAP dt ~-1,R FO X**xX--. 
t X * *X--+ 
INCW dst RR AQ -=*#44-- IR Fl 
dst -— dst + 1 IR Al — 
TCM dst,src (Note 1) 60 - **Q-- 
IRET BF ***+** * — (NOTdst) AND src 
FLAGS — @SP; SP- SP + 1 Se 
PC — @SP; SP — SP + 2; IMR(7) —1 TM dst,src (Note 1) ji ao de eDeeoe 
dst AND src 
JP cc,dst DA A s2etenueies a eae re 
if cc 1s true c=0-F XOR dst,src (Note 1) BO - **Q-- 
PC — dst IRR 30 dst — dst XOR src 
JR cc,dst RA cB ------ Note 1 
if cc is true, c=0-F 
PC — PC + dst These instructions have an identical set of addressing 
Range: +127, -128 modes, which are encoded for brevity The first opcode 
—— nibble 1s found in the instruction set table above. The 
LD dst,src r IM re  ------ second nibble 1s expressed symbolically by a (J 1n this 
dst — src r R r8 table, and its value is found in the following table to the 
R r r9 left of the applicable addressing mode pair. 
r=0-F For example, to determine the opcode of an ADC 
r X C7 instruction using the addressing modes r (destination) and 
X r D7 Ir (source) is 13. 
r Ir E3 
Ir r F3 
R  R E4 Addr Mode Lower 
R IR E5 Opcode Nibble 
R IM E6 dst src 
IR IM E7 ‘ Fi Zz 
IR R ie, : ts 5 
LDC dst,src r Irr C2 ------ 
dst -— src Irr r D2 : . (4) 
LDCI d I I G3 : . 
st,src r rm Go. == s:S.= 
dst — src Irr Ir D3 R IM [6] 
r—r+1; rr—rr+1 IR IM 
8085-003 
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Registers 


R248 PIM R247 P3M 
Port 1 Mode Register Port 3 Mode Register © 
UPC register address (Hex): F8 UPC register address (Hex): F7 


[Br |B [Ds [Ds ] D5] D2 | Ds | Do [Dr | Be | Ds [Da ] Da] De | Ds | Do | 


Pig-P17 VO DEFINITION 0 PORT 2 PULL-UPS OPEN DRAIN 
ies (ae 0 DEFINES BIT AS OUTPUT 1 PORT 2 PULL-UPS ACTIVE 
1 DEFINES BIT AS INPUT 
0 PORT 1 PULL-UPS OPEN DRAIN 
1 PORT 1 PULL-UPS ACTIVE 
R246 P2M 0 P35 = OUTPUT 
° 1 P35 = INT 
Port 2 Mode Register RESERVED 
ister address (Hex): F6 O Pag = INPUT P34 = OUTPUT _ 
UPC registe ( ) 1 P33 = DAVI/RDY1 P94 = RDYI/DAV1 
D 0 P31 = INPUT (Tin) P36 = OUTPUT (Tout) 
[Or] Pe [Pe [Pe [Pa | De | Dr [Po SP BAVONS Pas = RoveRGs 
P29-P27 1/0 DEFINITION 0 P39 = INPUT P37 = OUTPUT 
ih ale 0 DEFINES BIT AS OUTPUT 1 Pao = EI P37 = 1EO 
1 DEFINES BIT AS INPUT 


0 Psz = INPUT 
1 P32 = INTACK 
Figure 12. Port Mode Registers 
R251 IMR R250 IRQ 
Interrupt Mask Register Interrupt Request Register 
UPC register address (Hex): FB UPC register address (Hex): FA 


e,Joe[P-]>.]0s]o. [2,0] EICACACSCACACALS 
| ie 1 ENABLES IRQO 
1 ENABLES IRQ1 


IRQO = MASTER CPU COMMUNICATIONS 
IRQ1 = P3, INPUT 


oe 


1 ENABLES IRQ2 IRQ2 = P31 INPUT 
1 ENABLES !RQ3 IRQ3 = P39 INPUT 
1 ENABLES [RQ4 IRQ4 = To 
1 ENABLES IRQ5 IRQS = Ty 
RESERVED RESERVED 


1 ENABLES INTERRUPTS 


R249 IPR 
Interrupt Priority Register 
UPC register address (Hex): F9 (Write Only) 


[D7 [Ds] Ds [Ds | Da [D2] Dy | Do) 


RESERVED ies IRQ1, IRQ4 PRIORITY (GROUP C) 
0 = IRQ1 > IRQ4 
INTERRUPT GROUP PRIORITY 1 = IRQ4 > IRQ1 
RESERVED = 000 
C>A>B = 001 IRQO, IRQ2 PRIORITY (GROUP B) 
A>B>C = 010 0 = IRQ2 > IRQO 
A>C>B = 011 1 = IRQ0>1RQ2 
B>C>A = 100 
C>B>A = 101 


RQ3, IRQ5 PRIORITY (GROUP A) 
= IRQ5 > IRQ3 


1 
B>A>C = 110 0 
1 = IRQ3>IRQ5 


RESERVED = 111 


Figure 13. Interrupt Control Registers 


R254 MIC R240 MIV 
Master CPU Interrupt Control Register Master CPU Interrupt Vector Register 
UPC register address (Hex): FE UPC register address (Hex): FO 


[Dr | Be [Ds [D4 | Ds | D2] Dy | Do, [Dr | Be [Ds |B | Ds [Ds | Ds [Do | 


0o—~ 
WAIT ENABLE WHEN WRITE 
WAIT DISABLE WHEN WRITE 


ENABLE LOWER CHAIN 
DISABLE LOWER CHAIN 
DISABLE DATA TRANSFER 
ENABLE DATA TRANSFER 


VECTOR OUTPUT 
NO VECTOR OUTPUT 


NO MASTER CPU INTERRUPT PENDING 
MASTER CPU INTERRUPT PENDING 


NO INTERRUPT UNDER SERVICE 
INTERRUPT UNDER SERVICE 


INTERRUPT REQUEST DISABLED 
INTERRUPT REQUEST ENABLED 


| 


=C0C =O 40 =0 40 20 =0 


Figure 14. Master CPU Interrupt Registers 
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R252 FLAGS 
Flag Register 
UPC register address (Hex): FC 


Registers 
(Continued) 


USER FLAG F1 

USER FLAG F2 

HALF CARRY FLAG 
DECIMAL ADJUST FLAG 
OVERFLOW FLAG 

SIGN FLAG 

ZERO FLAG 

CARRY FLAG 


[T= 


R253 RP 
Register Pointer 


UPC register address (Hex): FD 


REGISTER POINTER a ae ee eee DON’T CARE 


(14-17) 


R255 SP 
Stack Pointer 


UPC register address (Hex): FF 


[Dr [De [Ds [Ds [3 | D2 [Ds | Do | 
| STACK POINTER 


(SPo-SP7) 


Figure 15. UPC Control Registers 


RO DTC 
Data Transfer Control Register 
UPC register address (Hex): 00 


(EOM) 9 — 
END OF MESSAGE 


(XERR) 


NO LIMIT ERROR 
LIMIT ERROR 


_ =) —O© =o ah 


NO TRANSFER ERROR 
TRANSFER ERROR 


DISABLE DATA TRANSFER 
ENABLE DATA TRANSFER 


VO REGISTER POINTER 


R4 LC 
Limit Count Register 
UPC register address (Hex): 04 


[Dr | Be [Bs [4 |B, [D2] 0s | Do | 
| LIMIT COUNT VALUE 
(RANGE: 0-255 DECIMAL 


00-FF HEX) 


R5 DIND 
Data Indirection Register 
UPC register address (Hex): 05 


INDIRECTION ADDRESS 
(Do = LSB) 


Figure 16. Master CPU-UPC Data Transfer Registers 


R241 TMR 
Timer Mode Register 
UPC register address (Hex): Fl 


Tout MODES |. 0 = NO FUNCTION 
RESERVED = 00 1 = LOADT, 
To OUT = 01 7 i 
T; OUT = 10 - 
INTERNAL CLOCK OUT = 11 ee EAB? A COUNT 
Tin MODES a 
EXTERNAL CLOCK : = Hetse Chak 
0 
1 


INPUT = 00 1 

GATE INPUT = 01 
TRIGGER INPUT = 10 
(NON-RETRIGGERABLE) 
TRIGGER INPUT = 11 
(RETRIGGERABLE) 


= DISABLE T; COUNT 
= ENABLE T; COUNT 


R242 Tl 
Counter/Timer 1 Register 
UPC register address (Hex): F2 


[Dr | Ds [Ds [Ds [Ds [D2 [Bs {Do 
| Ty INITIAL VALUE 
(RANGE: 1-256 DECIMAL 


01-00 HEX) 


R243 PRE1 
Prescaler 1 Register 
UPC register address (Hex): F3 


L COUNT MODE 
0 = T; SINGLE PASS 
1 = Tj MODULO +N 


CLOCK SOURCE 
0 = EXTERNAL TIMING INPUT 
E 


(Tin) MO 
1 = Ty INTERNAL 
PRESCALER MODULO 


(RANGE: 1-64 DECIMAL 
01-00 HEX) 


R244 TO 
Counter/Timer 0 Register 
UPC register address (Hex): F4 


[D7 | Ds] Ds [Ds [Ds [Ds | Ds [Do 
| To INITIAL VALUE 
(RANGE: 1-256 DECIMAL 


01-00 HEX) 


R245 PREO 
Prescaler 0 Register 
UPC register address (Hex): F5 


[Or | De | Ds [Ps] Da 102 [0s [Do | 
| [_ COUNT MODE 
0 = To SINGLE-PASS 
1 = To MODULO +N 


RESERVED 


PRESCALER MODULO 
(RANGE: 1-64 DECIMAL 
01-00 HEX) 


Figure 17. UPC Counter/Timer Registers 
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Registers Control Register Dz Dg Ds Dg Dg Dg D, Do Comments 


(Continued) 00H X X X X 0 0 0 0 Disable data transfer 
Data Transfer Control Register from master CPU 
041 Not Defined 
Limit Count Register 
O5z Not Defined 
Data Indirection Register 
FOy Not Defined 
Interrupt Vector Register 
Fly 0 0 0 0 0 0 0 0 Stops TO and T1 
Timer Mode 
F2y Not Defined 
TO Register 
F3y X X X X X X 0 0 Single-Pass mode 
TO Prescaler 
F4y Not Defined 
Tl Register 
FSy X X X X X X 0 0 Single-Pass mode 
T1 Prescaler External clock source 
F6qy l 1 l ] ] 1 ] ] Port 2 lines defined as 
Port 2 Mode inputs 
F7y 0 0 0 ) X ] 0 0 Port 1, 2 open drain; 
Port 3 Mode P35 = INT; P39, P3, P39, 


P33 defined as input; P34, 
P3,, P37 defined as output. 


F8y l 1 1 ] 1 ] 1 ] Port | lines defined as 
Port 1 Mode inputs 

FQpy Not Defined 

Interrupt Priority 

FAy X X 0 0 0 0 0 0 Reset Interrupt Request 
Interrupt Request 

FBu 0 X X X X X X X Interrupts disabled 
Interrupt Mask 

FCy Not Defined 

Flag Register 

FDy Not Defined 

Register Pointer 

FE 0 0 0 0 0 0 0 0 Master CPU interrupt dis- 
Master CPU Interrupt abled; wait enable when 
Control Register write; lower chain enabled 
FFy Not Defined 


Stack Pointer 
NOTE: X means not defined. 
Table 4. Control Register Reset Conditions 


Absolute Voltages on all pins (except Vpp) Stresses greater than those listed under Absolute Max- 
Maximum with respect toGND.......... -0.5Vto+7.0V ‘mum Ratings may cause permanent damage to the device. 
Ratinas This 1s a stress rating only; operation of the device at any 
g Operating Ambient condition above those indicated in the operational sections 
Temperature........ See Ordering Information of these specifications is not implied. Exposure to absolute 
‘5 é maximum rating conditions for extended periods may affect 

Storage Temperature........ -65°C to +150°C device reliability: 
Standard The characteristics below apply for the M475 VesVoos +5.25 V 
ane pallet: aang hs camel papas mVss = GND = OV 

onditions otherwise noted. voltages are referenced to é as 
< 
GND. Positive current flows into the reference mone s Ta s +70°C 
pin Standard conditions are as follows: *See Ordering Information section for package 
; ; temperature range and product number 
+5V +5V 
2.2K 18K 
FROM OUTPUT FROM OUTPUT 
UNDER TEST UNDER TEST 
50 pF | ny 50 pF | “A 
Figure 18. Test Load 1 Figure 19. Test Load 2 

DC Symbol Parameter Min Max Unit Condition Notes 
Charac- 
teristics VcuH Clock Input High Voltage 2.4 Voc V 

Vez Clock Input Low Voltage -0.3 0.8 i 

Vin Input High Voltage 2.0 Vec V 

Vin Input Low Voltage -0.3 0.8 V 

Vou Output High Voltage 2.4 V lon = -250 pA ] 

VoL Output Low Voltage 0.4 Vv Io, = +2.0 mA ] 

Ir. Input Leakage -10 10 pA O< Vin S +5.25 V 

Io, © Output Leakage -10 10 pA O< Viy S$ +5.25 V 

loc’ Voc Supply Current 180 mA 


1 For Ag-Aj; and Dg-D7, MDS, SYNC, MAS, and MR/W/IACK on the 64-pin versions Io = 100 wA andIoQ, = 10mA 
*For Protopack versions I¢c = 180 wA plus the current for the memory IC used 
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Master CPU 


<_—_—(§)—__> 
Interface 
Timing 
PCLK @) 
(6) 
as R= fs 0 
ia 
@ qo eC, ee 
saree SS) eae eel 
=< 
WR (17) 
crete 35 
DBo-DB7 P4¢{, pata out 
READ CASE Fol et al @ 
” ee 
; 
™ & 
® ——/ 
Interrupt 
Acknowledge DBo-DB7 { vector) 
Timing ® ae 
INTACK 
@ @ 
RD 
(33) 
SS es 
@ Gy) @) 
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4 MHz 6 MHz 
No. Symbol Parameter Min Max Min Max Notes*t 
l TrC Clock Rise Time 20 15 
2 TwCH Clock High Width 105 1855 70 1855 
3 TiC Clock Fall Time 20 10 
4 TwCl Clock Low Width 105 ~=1855 70 1855 
5 TpC Clock Period 250 2000 165 2000 
6 — TsA/D(WR) —— A/D to WR | Setup Time 80 80 
7 TsA/D(RD) A/D to RD | Setup Time 80 80 
8  ThA/D(WR) A/D to WR t Hold Time 30 25 
9  ThA/D(RD) A/D to RD t Hold Time 30 25 
10  TsCSf(WR) CS | to WR | Setup Time 0 0 
11 —TsCSf(RD) —— CS } to RD | Setup Time 0 0 
12 TsCSr(WR) ‘CS t to WR | Setup Time 60 60 
13. TsCSr(RD) CS t to RD | Setup Time 60 60 
14. ThCS(WR) CS to WR } Hold Time 0 0 
15 ThCS(RD) CS to RD | Hold Time 0 0 
16 — TsDI(WR) Data in to WR | Setup Time 0 0 
17. Tw(WR) WR Low Width 390 250 
18  Tw(RD) RD Low Width 390 250 
19 ThWR(DI) Data in to WR t Hold Time 0 0 
20. TdRD(DI) Data Valid from RD } Delay 1 
21 —ThRD(DI) Data Valid to RD t Hold Time 0 0 
22  TdRD(DIz) Data Bus Float Delay from RD 1 70 45 
23. TdRD(DBa) RD | to Read Data Active Delay 0 0 
24 TdWR(W) WR } to WAIT } Delay 150 150 
25. TdRD(W) RD | to WAIT | Delay 150 150 
26 TdDI(W) Data Valid to WAIT 1 Delay 0 @) 
4 MHz 6 MHz 
No. Symbol Parameter Min Max Min Max Notes*f 
27. TsACK(RD) INTACK | to RD ! Setup Time 90 80 2 
28  TdRD(DI) RD | to Vector Valid Delay 255 180 
29. ThRD(ACK) RD t to INTACK t Hold Time 0 0 
30 ThIEI(RD) IEI to RD t Hold Time 100 100 
31— TwRD1 ———— RD (Acknowledge) Low Width 255 250 
32 TdIEI(IEO) IEI to IEO Delay 120 100 
33  TslEI(RD) IEI to RD | Setup Time 150 120 
34 TdACK(IEO) INTACK } to IEO | Delay 250 250 
35 TdADK,(IEO) INTACK t to IEO t Delay 250 250 


NOTES: 

1. This parameter 1s dependent on the state of the UPC at the time 
of master CPU access. 

2. In case where daisy chain 1s not used. 

3 The timing characteristics given reference 2 0 V as High and 
0.8 V as Low 


4. All output ac parameters use test load 1. 
*Timings are preliminary and subject to change. 


{Units in nanoseconds (ns). 
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Handshake 


Timing cram (same? 


(1) (203) 
7 ae 
INPUT 
® 


G) 
RDY 
OUTPUT 
PORT 
READ 
Input Handshake 
DATA OUT ( DATA OUT VALID 
©) PORT 
DAV WRITE 
OUTPUT 
Se ee 
RDY \ 
(4) 
N Sees / 
Output Handshake 
Reset 
Timing WR 
<)> 
RD 
RAM Version O 
Program i Naa ie 
Memory MAS 
Timing O~ 


mes 
Oye 
MRIW 
ONLY) 
(6) (5) 


MDS 
WRITE CASE 
Do-D7 4 DATA VALID OUT 
(9) 


WRITE CASE 


0-07 
READ CASE 


© 


IRQN 


MDS 
READ CASE 
(> (12) 
Do-D DATA 
{vat 
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4 MHz 6 MHz 
No. Symbol Parameter Min Max Min Max Notes*t 
l TsDI(DA) Data in Setup Time 0 0 
2  ThDA(DI) Data in Hold Time 230 230 
3 TwDA Data Available Width 175 175 1,2 
4—TdDAL(RY) Data Available Low to Ready 2) BS 20S 175 1,2— 
Delay Time @) 0 2,3 
5 TdDAH(RY) Data Available High to Ready 150 150 1,2 
Delay Time 0 0 2,3 
6  TdDO(DA) Data Out to Data Available Delay Time 50 50 2 
7  TdRY(DA) Ready to Data Available Delay Time 0 205 @) 205 2 
4 MHz 6 MHz 
No. Symbol Parameter Min Max Min Max Notes*t 
] TadRDQ(WR) Delay from RD t to WR ! for No Reset 40 35 
2 TdWRQ(RD) Delay from WR 1 to RD | for No Reset 50 35 
3. TwRES Minimum Width of WR and RD both Low for Reset 250 250 4 
4 MHz 6 MHz 
No. Symbol Parameter Min Max Min Max Notes*f 
1 TwMAS Memory Address Strobe Width 60 5o 5 
2  TdA(MAS) Address Valid to Memory Address Strobe ft Delay 30 30 5 
3 TdMR/W(MAS) Memory Read/Write to Memory Address Strobe ! 
Delay 30 30 5 
4 TdMDS(A) Memory Data Strobe t to Address Change Delay 60 60 
5 — TdMDS(MR/W)— Memory Data Strobe ft to Memory Read/Write Not 
Valid Delay 80 75 
6  Tw(MDS) Memory Data Strobe Width (Write Case) 160 110 6 
7 TdDO(MDS) Data Out Valid to Memory Data Strobe |! Delay 30 30 5 
8 TdMDS(DO) Memory Data Strobe ft to Data Out Change Delay 30 30 5 
9  Tw(MDS) Memory Data Strobe Width (Read Case) 230 230 6 
10 —-TdMDS(DI) Memory Data Strobe | to Data In Valid Delay 160 130 _— 
1] TdMAS(DI) Memory Address Strobe ft to Data In Valid Delay 280 220 7 
12. ThMDS(DI) Memory Data Strobe f to Data In Hold Time 0 0 
13. ~TwsyY Instruction Sync Out Width 160 100 
14 TdSY(MDS) Instruction Sync Out to Memory Data Strobe Delay 200 160 
15 = Twl Interrupt Request via Port 3 Input Width 100 100 
NOTES 
Input Handshake three input clock periods must be added to the specified width 
. Test Load 1 Data strobe width varies according to the instruction being ex- 


. Output Handshake 

. Internal reset signal is 2 to 2 clock delays from external reset 
condition 

5S Delay times are specified for an input clock frequency of 4 

MHz When operating at a lower frequency, the increase 1n in- 

put clock period must be added to the specified delay time 

Data strobe width 1s specified for an input clock frequency of 4 

MHz When operating at a lower frequency, the increase in 


Hm Gh 


(o>) 


ecuted. 


7 Address strobe and data strobe to data 1n valid delay times 


represent memory system access times and are given for a 4 
MHz input frequency 
*All taming references assume 2.0 V for a logic “1” and 0.8 V fora 
logic “O” All output ac parameters use test load 2 Timings are 
preliminary and subject to change. 
TUnits in nanoseconds (ns). 
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Ordering Product Package/ Product Packuge/ 


Information Number Temp Speed Description Number Temp Speed Description 
Z8590 CE 8.0 MHz UPC (40-pin) Z8592 QS 8.0 MHz UPC External 
Z8590 Cs 8.0 MHz Same as above veciide fae 
Z8590 DE 8.0 MHz Same as above (64-pin) 

Z8590 DS 8.0 MHz Same as above 78593 RS 8.0 MHz UPC External 

Z8590 PE 8.0 MHz Same as above ROM-based 

78590 PS 8.0MHz Same as above oo 

28591 QS 8.0MHz UPC External 78894 RS. 8.0MHz UPC External 
ROM-based RAM-based 
Program Memory Program Memory 
(64-pin) 


(Protopack) 


NOTES C = Ceramic, D = Cerdip, P = Plastic, Q = Quip, R = Protopack, E = -40°C to +85°C, S = 0°C to +70°C. 
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Z8 Family 


Zilog Z8° Family 


The New Standard For 


Single-Chip Microcomputers 


June 1982 


The Z8 Family of microcomputers 
offers the most sophisticated proc- 
essing capability available on a 
single chip. As an extension of 
earlier generations of microcom- 
puters, the Z8 Family provides 
standard on-chip functions, 
such as: 


@ 2K or 4K bytes of ROM 

@ 144 8-bit registers 

@ 32 lines of programmable I/O 
@ Clock oscillator 


In addition, the Z8 Family offers 
advanced on-chip features, 
including: 

@ Two counter/timers 

™@ Six vectored interrupts 

@ UART for serial I/O communica- 
tion 

@ Stack functions 

@ Power-down option 

m@ TTL compatibility 


The capability of the Z8 Family 
of microcomputers is expandable 
off-chip to provide an additional 
62K bytes of program memory and 
62K bytes of data memory for the 
2K-byte ROM version. It provides 
an additional 60K bytes of program 
memory and 60K bytes of data 
memory for the 4K-byte ROM ver- 
sion. The interface to external 
memory is accomplished through 
one, one and one-half, or two of 
the 8-bit I/O ports, depending on 
the number of address bits 
required for the external functions. 
The Z-BUS protocol allows easy 
interface to external functions 
including Zilog’s family of 
peripheral chips. 

With the third-generation Z8 
Family, Zilog is pushing the capa- 
bility of microcomputers beyond ~ 
the first and second generation of 
computers. The Z8 Family 
challenges the “multi-chip 
solution” design currently 
implemented by general-purpose 
microprocessors. Designs based on 
Z8-Family microcomputers offer a 
minimum chip-count configuration 
that can easily be expanded to 
meet requirements for enhance- 
ment options and for future 
improvements. 


Optimized Instruction Set. The 
instruction set of the Z8-Family 
microcomputers is optimized for 
high-code density and reduced 
execution time. This feature is sup- 
ported by a ‘working register 
area’ concept that uses short 
(4-bit) register addresses. The 
general-purpose registers can be 
used as accumulators, as address 
pointers for indirect addressing, as 
index registers, or for imple- 
menting an on-chip stack. 

The 47 instruction types and six 
addressing modes—together with 
the ability to operate on bits, 4-bit 
BCD digits, 8-bit bytes, and 16-bit 
words—offer unique programming ¢ 
capability and flexibility. 
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Growing Family. The Z8 Family 
of microcomputers is growing to 
meet the needs of more complex 
designs. The 4K ROM version of 
the Z8 microcomputer (the Z8610 
series) offers all the features of the 
Z8 Family, plus 4K bytes of on-chip 
ROM. The increased ROM allows 
the designer to take advantage of 
the code optimization inherent in 
the Z8 instruction set when using 
between 2K and 4K bytes of pro- 
gram memory. 

The ROMless microcomputer 
provides an alternative for 
designers seeking to take advan- 
tage of the on-chip features of the 
Z8601 in applications that require 
external program memory. A 
Z8681 microcomputer can be used 
to control a system that addresses 
up to 128K bytes of off-chip 
memory. 


SERIAL 
COMMUNICATIONS 
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The Z8671 microcomputer is a 
Z8-based BASIC/debug interpreter 
on a chip. The BASIC used in the 
Z8671 is a subset of Dartmouth 
BASIC with the added capability of 
interaction between the interpreter 
and its environment through the 
debug facility. The BASIC/debug 
interpreter resides in the 2K of on- 
chip ROM, with all the features of 
the Z8 microcomputer at its 
disposal. 


Expanded Applications. The Z8 
Family of microcomputers is find- 
ing its way into increasingly 
sophisticated designs. In addition 
to the low-end capability applica- 
tions commonly used with micro- 
computers, the Z8 Family of micro- 
computers can be used effectively 
in such applications as: 


zs 
MICROCOMPUTER 


UART 


PORTS 0,1 


PORTS 2,3 


KEYBOARD 


Figure 1. Z8-Based Intelligent Terminal 


RAM 


CRT 
CONTROLLER 
(CRTC) 


= 


LOCAL TERMINAL BUS 


DISPLAY | 
BUFFER 


@ Computer peripheral controllers 
@ Smart terminals 

@ Dumb terminals 

@ Telephone switching systems 


m Arcade games and intelligent 
home games 


@ Process control 


Intelligent instrumentation 
@ Automotive mechanisms 


An example of how a Z8 might 
be used in the design of an intelli- 
gent terminal is shown in Figure 1. 
The features of such a terminal 
depend on its specific require- 
ments, but it is clear that the Z8 
microcomputers offer unprece- 
dented capability and flexibility to 
the microcomputer designer. 


MONITOR 


Z8° Family of 
Microcomputers 
Z8601 ¢ Z8602 ¢ Z8603 


Product 
Specification 


June 1982 


Z8601 Single-Chip Microcomputer with 2K ROM 
Z8602 Development Device with Memory Interface 
Z8603 Prototyping Device with EPROM Interface 


Features 


@ Complete microcomputer, 2K bytes of ROM, 
128 bytes of RAM, 32 I/O lines, and up to 
62K bytes addressable external space each 
for program and data memory. 


@ 144-byte register file, including 124 
general-purpose registers, four I/O port 
registers, and 16 status and control 
registers. 


@ Average instruction execution time of 
2.2 ws, maximum of 4.25 us. 


@ Vectored, priority interrupts for I/O, 
counter/timers, and UART. 


@ Full-duplex UART and two programmable 
8-bit counter/timers, each with a 6-bit pro- 
grammable prescaler. 


@ Register Pointer so that short, fast instruc- 
tions can access any of nine working 
register groups in 1.5 ps. 


® On-chip oscillator which accepts crystal or 
external clock drive. 


@ Low-power standby option which retains 
contents of general-purpose registers. 


@ Single +5 V power supply—all pins TTL- 
compatible. 


General 
Description 


The Z8601 microcomputer introduces a new 
level of sophistication to single-chip architec- 
ture. Compared to earlier single-chip micro- 
computers, the Z8601 offers faster execution; 
more efficient use of memory; more sophisti- 
cated interrupt, input/output and bit-manipula- 
tion capabilities; and easier system expansion. 

Under program control, the Z8601 can be 
tailored to the needs of its user. It can be con- 


TIMING 
AND 
CONTROL 
CLOCK 
PORT O PORT 2 
(NIBBLE (BIT PRO- 
PROGRAMMABLE) GRAMMABLE) 
VO OR Ag-Ais5 Tie) 
PORT 3 
PORT i (FOUR INPUT; 


FOUR OUTPUT) 
SERIAL AND 
PARALLEL VO 
AND CONTROL 


(BYTE 
PROGRAMMABLE) 
VO OR ADo-AD7 


Figure 1. Pin Functions 


figured as a stand-alone microcomputer with 
2K bytes of internal ROM, a traditional micro- 
processor that manages up to 124K bytes of 
external memory, or a parallel-processing ele- 
ment in a system with other processors and 
peripheral controllers linked by the Z-BUS. In 
all configurations, a large number of pins 
remain available for I/O. 


1 
2 
3 
4 
5 
6 
7 
8 
9 


2037-001, 002 
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Architecture 


Z8601 architecture is characterized by a 
flexible I/O scheme, an efficient register and 
address space structure and a number of 
ancillary features that are helpful in many 
applications. 

Microcomputer applications demand power- 
ful I/O capabilities. The Z8601 fulfills this with 
32 pins dedicated to input and output. These 
lines are grouped into four ports of eight lines 
each and are configurable under software con- 
trol to provide timing, status signals, serial or 
parallel I/O with or without handshake, and an 
address/data bus for interfacing external 
memory. 

Because the multiplexed address/data bus is 
merged with the I/O-oriented ports, the Z8601 
can assume many different memory and I/O 
configurations. These configurations range 
from a self-contained microcomputer to a 


TIMER/ 
COUNTERS 
(2) 


INTERRUPT 
CONTROL 


vO 
(BIT PROGRAMMABLE) 


REG POINTER 


REGISTER FILE 
124 x 8-BIT 


ADDRESS OR t/0 
(NIBBLE PROGRAMMABLE) 


microprocessor that can address 124K bytes of 
external memory. 

Three basic address spaces are available to 
support this wide range of configurations: pro- 
gram memory (internal and external), data 
memory (external) and the register file (inter- 
nal). The 144-byte random-access register file 
is composed of 124 general-purpose registers, 
four I/O port registers, and 16 control and 
status registers. 

To unburden the program from coping with 
real-time problems such as serial data com- 
munication and counting/timing, an asynchro- 
nous receiver/transmitter (UART) and two 
counter/timers with a large number of user- 
selectable modes are offered on-chip. Hard- 
ware support for the UART is minimized 
because one of the on-chip timers supplies the 
bit rate. 


XTAL AS DS RIW RESET 


MACHINE TIMING & 
INSTRUCTION CONTROL 


PROGRAM 
MEMORY 
2048 x 8-BIT 


PROGRAM 
COUNTER 


ADDRESS/DATA OR 1/0 
(BYTE PROGRAMMABLE) 


Figure 3. Functional Block Diagram 


Pin 
Description 


AS. Address Strobe (output, active Low). 
Address Strobe is pulsed once at the begin- 
ning of each machine cycle. Addresses output 
via Port 1 for all external program or data 
memory transfers are valid at the trailing edge 
of AS. Under program control, AS can be 
placed in the high-impedance state along with 
Ports 0 and 1, Data Strobe and Read/Write. 


DS. Data Strobe (output, active Low). Data 
Strobe is activated once for each external 
memory transfer. 


P0o-P07, Plo-Pl7, P29-P27, P39-P3,. //O Port 
Lines (input/outputs, TTL-compatible). These 
32 lines are divided into four 8-bit I/O ports 


that can be configured under program control 
for I/O or external memory interface. 


RESET. feset (input, active Low). RESET ini- 


tializes the Z8601. When RESET is deactivated, 
program execution begins from internal pro- 
gram location 000Cy. 


R/W. Read/Write (output). R/W is Low when 
the Z8601 is writing to external program or 
data memory. 


XTALI1, XTAL2. Crysta/ 1, Crystal 2 (time-base 
input and output). These pins connect a series- 
resonant crystal (8 MHz maximum) or an exter- 
nal single-phase clock (8 MHz maximum) to 
the on-chip clock oscillator and buffer. 
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Address 
Spaces 


Program Memory. The 16-bit program 
counter addresses 64K bytes of program 
memory space. Program memory can be 
located in two areas: one internal and the 
other external (Figure 4). The first 2048 bytes 
consist of on-chip mask-programmed ROM. At 
addresses 2048 and greater, the Z8601 
executes external program memory fetches. 

The first 12 bytes of program memory are 
reserved for the interrupt vectors. These loca- 
tions contain six 16-bit vectors that correspond 
to the six available interrupts. 


Data Memory. The Z8601 can address 62K 
bytes of external data memory beginning at 


65535 


EXTERNAL 
ROM OR RAM 


2048 
2047 


ON-CHIP 


Location of 
first byte of 
instruction 
executed “Bw 2 ow Ln ee ee ee ee 
after reset 


Interrupt 
Vector 
(Lower Byte) 


Interrupt 
Vector 
(Upper Byte) 


Figure 4. Program Memory Map 


LOCATION IDENTIFIERS 


255 SPL 
254 SPH 
253 RP 
252 FLAGS 
251 IMR 
250 IRQ 
249 IPR 


248 POIM 
247 PaM 
246 P2M 
245 PREO 
244 To 
243 PREt 
242 1 
241 TR 


240 SERIAL W/O slo 


NOT 
IMPLEMENTED 


127 


GENERAL PURPOSE 
REGISTERS 


4 

3 P3 
2 P2 
1 P1 
it] PO 


Figure 6. The Register File 


2037 004, 005, 006, 007 


locations 2048 (Figure 5). External data 
memory may be included with or separated 
from the external program memory space. 
DM, an optional I/O function that can be 
programmed to appear on pin P34, is used to 
distinguish between data and program 
memory space. 


Register File. The 144-byte register file 
includes four I/O port registers (RO-R3), 124 
general-purpose registers (R4-R127) and 16 
control and status registers (R240-R255). These 
registers are assigned the address locations 
shown in Figure 6. 

Z8601 instructions can access registers 


65535 


EXTERNAL 
DATA 
MEMORY 


NOT ADDRESSABLE 


255 


The upper nibble of the register file address : 
provided by the register pointer specifies 
the active working register group 


The lower 
nibble of 

the register 
file address 
provided by 
the instruction 
points to the 
specified 
register 


SPECIFIED WORKING: 
REGISTER GROUP 


Figure 7. The Register Pointer 
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Address directly or indirectly with an 8-bit address 


Stacks. Either the internal register file or the 


Spaces field. The Z8601 also allows short 4-bit register external data memory can be used for the 
(Continued) addressing using the Register Pointer (one of stack. A 16-bit Stack Pointer (R254 and R255) 
the control registers). In the 4-bit mode, the is used for the external stack, which can reside 
register file is divided into nine working- anywhere in data memory between locations 
register groups, each occupying 16 contiguous 2048 and 65535. An 8-bit Stack Pointer (R255) 
locations (Figure 7). The Register Pointer is used for the internal stack that resides within 
addresses the starting location of the active the 124 general-purpose registers (R4-R127). 
working-register group. 
Serial Port 3 lines P39 and P37 can be programmed parity selection. If parity is enabled, the eighth 
Input/ as serial I/O lines for full-duplex serial asyn- bit is the odd parity bit. An interrupt request 
Output chronous receiver/transmitter operation. The (IRQ,4) is generated on all transmitted 
bit rate is controlled by Counter/Timer 0, with characters. 
a maximum rate of 62.5K bits/second. Received data must have a start bit, eight 
The Z8601 automatically adds a start bit and data bits and at least one stop bit. If parity is 
two stop bits to transmitted data (Figure 8). on, bit 7 of the received data is replaced by a 
Odd parity is also available as an option. Eight parity error flag. Received characters generate 
data bits are always transmitted, regardless of the IRQ3 interrupt request. 
Transmitted Data Received Data 
(No Parity) (No Parity) 
[SP | SP] D, | Dg [Ds| Dg] Ds| Dz| Ds | Dp} ST| [SP] D, |. | Ds] D4 | Ds] D2]; [Do] sr, 
| | Lari BIT eae BIT 
EIGHT DATA BITS EIGHT DATA BITS 
TWO STOP BITS ONE STOP BIT 
Transmitted Data Received Data 
(With Parity) (With Parity) 
[sp] SP] P | De[Ds| 4| Ds] D2] D,| Dy] St] [SP | P | Dg] Ds [4 [D3] D2] Ds] Dp | ST | 
| | ere BIT | | Le cgae BIT 
SEVEN DATA BITS SEVEN DATA BITS 
ODD PARITY PARITY ERROR FLAG 
TWO STOP BITS ONE STOP BIT 
Figure 8. Serial Data Formats 
Counter/ The Z8601 contains two 8-bit programmable pass mode) or to automatically reload the 
Timers counter/timers (Tg and T)), each driven by its initial value and continue counting (modulo-n 
own 6-bit programmable prescaler. The T) continuous mode). The counters, but not the 
prescaler can be driven by internal or external prescalers, can be read any time without 
clock sources; however, the To prescaler is disturbing their value or count mode. 
driven by the internal clock only. The clock source for T, is user-definable and 
The 6-bit prescalers can divide the input fre- can be the internal microprocessor clock 
quency of the clock source by any number (4 MHz maximum) divided by four, or an 
from 1 to 64. Each prescaler drives its counter, external signal input via Port 3. The Timer 
which decrements the value (1 to 256) that has Mode register configures the external timer 
been loaded into the counter. When the input as an external clock (1 MHz maximum), 
counter reaches the end of count, a timer a trigger input that can be retriggerable or 
interrupt request—IRQ, (To) or IRQs (T))—is non-retriggerable, or as a gate input for the 
generated. internal clock. The counter/timers can be pro- 
The counters can be started, stopped, grammably cascaded by connecting the To out- 
restarted to continue, or restarted from the put to the input of T,. Port 3 line P3¢ also 
initial value. The counters can also be pro- serves as a timer output (Toyrt) through which 
grammed to stop upon reaching zero (single- To, T) or the internal clock can be output. 
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I/O Ports 


The Z8601 has 32 lines dedicated to input 
and output. These lines are grouped into four 
ports of eight lines each and are configurable 
as input, output or address/data. Under soft- 
ware control, the ports can be programmed to 


Port 1 can be programmed as a byte I/O 
port or as an address/data port for interfacing 
external memory. When used as an I/O port, 
Port 1 may be placed under handshake con- 
trol. In this configuration, Port 3 lines P33 and 
P34 are used as the handshake controls RDY) 
and DAV), (Ready and Data Available). 

Memory locations greater than 2048 are 
referenced through Port 1. To interface exter- 
nal memory, Port 1 must be programmed 
for the multiplexed Address/Data mode. If 
more than 256 external locations are required, 
Port 0 must output the additional lines. 

Port 1 can be placed in the high-impedance 
state along with Port 0, AS, DS and R/W,, allow- 


Port 0 can be programmed as a nibble I/O 
port, or as an address port for interfacing 
external memory. When used as an I/O port, 
Port 0 may be placed under handshake con- 
trol. In this configuration, Port 3 lines P32 and 
P3s are used as the handshake controls DAVo 
and RDYo. Handshake signal assignment is 
dictated by the I/O direction of the upper 
nibble P0Q4-P07. 

For external memory references, Port 0 can 
provide address bits Ag-Aj, (lower nibble) or 
Ag-Aj5 (lower and upper nibble) depending 
on the required address space. If the address 
range requires 12 bits or less, the upper nibble 
of Port 0 can be programmed independently as 


provide address outputs, timing, status signals, 
serial I/O, and parallel I/O with or without 
handshake. All ports have active pull-ups and 
pull-downs compatible with TTL loads. 


ing the Z8601 to share common resources in 
multiprocessor and DMA applications. Data 
transfers can be controlled by assigning P33 
as a Bus Acknowledge input and P34 as a Bus 
Request output. 


PORT 4 
(VO OR AD,-AD;) 


HANDSHAKE CONTROLS 
\ DAV; AND RDY, 
(P3, AND P3,) 


Figure 9a. Port 1 


I/O while the lower nibble is used for address- 
ing. When Port 0 nibbles are defined as 
address bits, they can be set to the high- 
impedance state along with Port 1 and the con- 
trol signals AS, DS and R/W. 


a 


PORT 0 
(UO OR Ag-A4s) 


HANDSHAKE CONTROLS 
DAVo AND RDYpo 


jor 
(P32 AND P3,) 


Figure 9b. Port 0 


Port 2 bits can be programmed inde- 
pendently as input or output. The port is 
always available for I/O operations. In addi- 
tion, Port 2 can be configured to provide 
open-drain outputs. 

Like Ports 0 and 1, Port 2 may also be 
placed under handshake control. In this con- 


' figuration, Port 3 lines P3) and P3¢ are used as 


the handshake controls lines DAV and RDY>. 
The handshake signal assignment for Port 3 
lines P3, and P3¢ is dictated by the direction 
(input or output) assigned to bit 7 of Port 2. 


—> PORT 2(1/0) 


Se Sitar cael 


DAV2 AND RDY2 


HANDSHAKE CONTROLS 
(P3, AND P3,) 


Figure 9c. Port 2 


Port 3 lines can be configured as I/O or con- 
trol lines. In either case, the direction of the 
eight lines is fixed as four input (P39-P33) and 
four output (P34-P37). For serial I/O, lines P3p 
and P37 are programmed as serial in and serial 
out respectively. 

Port 3 can also provide the following control 
functions: handshake for Ports 0, 1 and 2 
(DAV and RDY); four external interrupt 
request signals (IROp-IRQ3); timer input and 
output signals (Try and Toyt) and Data 
Memory Select (DM). 


PORT 3 
(WO OR CONTROL) 
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Interrupts 


The Z8601 allows six different interrupts from 
eight sources: the four Port 3 lines P39-P33, 
Serial In, Serial Out, and the two counter/ 
timers. These interrupts are both maskable and 
prioritized. The Interrupt Mask register glob- 
ally or individually enables or disables the six 
interrupt requests. When more than one inter- 
rupt is pending, priorities are resolved by a 
programmable priority encoder that is con- 
trolled by the Interrupt Priority register. 

All Z8601 interrupts are vectored. When an 
interrupt request is granted, an interrupt 
machine cycle is entered. This disables all 


subsequent interrupts, saves the Program 
Counter and status flags, and branches to the 
program memory vector location reserved for 
that interrupt. This memory location and the 
next byte contain the 16-bit address of the 
interrupt service routine for that particular 
interrupt request. 

Polled interrupt systems are also supported. 
To accommodate a polled structure, any or all 
of the interrupt inputs can be masked and the 
Interrupt Request register polled to determine 
which of the interrupt requests needs service. 


Clock 


The on-chip oscillator has a high-gain, 
series-resonant amplifier for connection to a 
crystal or to any suitable external clock source 
(XTAL] = Input, XTAL2 = Output). 

The crystal source is connected across 
XTALI1 and XTAL2, using the recommended 
capacitors (C; = 15 pF) from each pin to 


ground. The specifications for the crystal are 
as follows: 


m AT cut, series resonant 
@ Fundamental type, 8 MHz maximum 
™@ Series resistance, R, = 100 0 


Power Down 
Standby 
Option 


The low-power standby mode allows power 
to be removed without losing the contents of 
the 124 general-purpose registers. This mode 
is available to the user as a bonding option 
whereby pin 2 (normally XTAL2) is replaced 
by the Vy (standby) power supply input. This 
necessitates the use of an external clock 
generator (input = XTAL1) rather than a 
crystal source. 

The removal of power, whether intended or 
due to power failure, must be preceded by a 
software routine that stores the appropriate 
status into the register file. Figure 10 shows 


the recommended circuit for a battery back-up 
supply system. 


+5V O 


TRICKLE 
CHARGE 


I 


Figure 10. Recommended Driver Circuit 
for Power Down Operation 


28602 


This 64-pin development version of the 


Development 40-pin mask-programmed Z8601 (Figure 11) 


Device 


allows the user to prototype the system in hard- 
ware with an actual device and to develop the 
code that is eventually mask-programmed into 
the on-chip ROM of the Z8601. 

The Z8602 is identical to the Z8601 with the 


following exceptions: 
@ The internal ROM has been removed. 


™ The ROM address lines and data lines are 
buffered and brought out to external pins. 


™ Control lines for the new memory have 


been added. 


Pin Description. The functions of the Z8602 
I/O lines, AS, DS, R/W, XTAL1, XTAL2 and 
RESET are identical to those of their Z8601 
counterparts. The functions of the remaining 
24 pins are as follows: 


Ao-Aj}. Program Memory Address (outputs). 
Ao-Aj access the first 2K bytes of program 
memory. Aj] is a reserved pin. 


Figure 11. Z8602 Pin Assignments for Quip Package 
(Reverse Assignments for 64-Pin DIL) 
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Z8602 
Development 
Device 
(Continued) 


Do-Dyz. Program Data (inputs). Program data 
from the first 2K bytes of program memory is 
input through pins Do-Dv. 

IACK. Interrupt Acknowledge (output, active 


High). IACK is driven High in response to an 
interrupt during the interrupt machine cycle. 


MDS. Program Memory Data Strobe (output, 
active Low). MDS is Low during an instruction 
fetch cycle when the first 2K bytes of program 
memory are being accessed. 


SCLK. System Clock (output). SCLK is the 
internal clock output through a buffer. The 
clock rate is equal to one-half the crystal 
frequency. 


SYNC. Instruction Sync (output, active Low). 
This strobe output is forced Low during the 
internal clock period preceding an opcode 
fetch. 


Z8603 
Protopack 
Emulator 


The Z8603 MPE (Protopack) is used for 
prototype development and preproduction of 


mask-programmed applications. The Protopack 


is a ROMless version of the standard Z8601, 
housed in a pin-compatible 40-pin package 
(Figure 12). 

To provide pin compatibility and inter- 
changeability with the standard mask- 
programmed device, the Protopack carries 
(piggy-backs) a 24-pin socket for a direct 
interface to program memory (Figure 1). The 
24-pin socket is equipped with 11 ROM 


Figure 12. The 28603 Microcomputer Protopack Emulator 


address lines, 8 ROM data lines and necessary 
control lines for interface to 2716 EPROM for 
the first 2K bytes of program memory. 

Pin compatibility allows the user to design 
the pc board for a final 40-pin mask- 
programmed Z8601, and, at the same time, 
allows the use of the Protopack to build the 
prototype and pilot production units. When the 
final program 1s established, the user can then 
switch over to the 40-pin mask-programmed 
Z8601 for large volume production. The Proto- 
pack is also useful in small volume applica- 
tions where masked ROM setup time, mask 
charges, etc., are prohibitive and program 
flexibility is desired. 

Compared to the conventional EPROM 
versions of the single-chip microcomputers, 
the Protopack approach offers two main 
advantages: 


m Ease of developing various programs during 
the prototyping stage. For instance, in 
applications where the same hardware 
configuration is used with more than one 
program, the Z8603 Protopack allows 
economical program storage in separate 
EPROMs (or PROMs), whereas the use of 
separate EPROM-based single-chip 
microcomputers is more costly. 


@ Elimination of long lead time in procuring 
EPROM-based microcomputers. 


Instruction 
Set 
Notation 


2037-012 


Addressing Modes. The following notation is used 
to describe the addressing modes and instruction 
operations as shown in the instruction summary. 


IRR Indirect register pair or indirect working-register 
pair address 

Irr Indirect working-register pair only 

xX Indexed address 


DA Direct address 
RA Relative address 
IM Immediate 


R Register or working-register address 

r Working-register address only 

IR Indirect-register or indirect working-register 
address 

Ir Indirect working-register address only 

RR Register pair or working register pair address 


Symbols. The following symbols are used in 
describing the instruction set. 


dst Destination location or contents 

src Source location or contents 

cc Condition code (see list) 

@ Indirect address prefix 

SP Stack pointer (control registers 254-255) 
PC Program counter 


FLAGS Flag register (control register 252) 
RP Register pointer (control register 253) 
IMR Interrupt mask register (control register 251) 


Assignment of a value is indicated by the symbol 

‘-—"', For example, 
dst — dst + src 
indicates that the source data is added to the 
destination data and the result is stored in the 
destination location. The notation “addr(n)” is used 
to refer to bit “n’’ of a given location. For example, 
dst (7) 

refers to bit 7 of the destination operand. 


\ 
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Instruction 
Set 


Flags. Control Register R252 contains the following 


six flags: 


Affected flags are indicated by: 


J 0 Cleared to zero 
Notation c Carry flag 1 Set to one 
(Continued) yA Zero flag * Set or cleared according to operation 
Ss Sign flag ~ Unaffected 
V Overflow flag xX Undefined 
D Decimal-adjust flag 
H Half-carry flag 
Condition Value Mnemonic Meaning Flags Set 
Codes 1000 Always true --- 
0111 C Carry C=] 
111] NC No carry Cc #0 
0110 Z Zero Z =] 
1110 NZ Not zero Z =0 
1101 PL Plus S =0 
0101 MI Minus 5 =] 
0100 OV Overflow VY =] 
1100 NOV No overflow V =0 
0110 EQ Equal Z =] 
1110 NE Not equal Z =0 
1001 GE Greater than or equal (S XOR V) = 0 
0001 LT Less than (S XOR V) = 1 
1010 GT Greater than [Z OR (S XOR V)] = 0 
0010 LE Less than or equal [Z OR (S XOR V)] = 1 
1111 UGE Unsigned greater than or equal C=0 
0111 ULT Unsigned less than C=] 
1011 UGT Unsigned greater than (C=QANDZ=0) = 1 
0011 ULE Unsigned less than or equal (C OR Z) = 1 
0000 Never true = 
Instruction 
Formats a 
|_dst_ | opc_| INC r 
One-Byte Instructions 
| OPC { MODE | CLR, CPL, DA, DEC, [opc | MODE | ADC, ADD, AND, CP, 
OR ct mena P sre | OR [1110] src | LD. OR, SBC, SUB, 
RRC, SRA, SWAP | dst} OR [411 0] dst_| oa 
| oPc. JP, CALL (Indirect) 
[dst_ | on TCM, TM XOR 
ore] snp 
a cL) . 
LOPE | MODE ray aes pat] on focal ast 
[det] sre Tcl, TM, XOR 
| MODE | opc | LD, LDE, LDEI, ope | Ore =p 
astisre | sreidst LDC, LDCI 
|dstisre | OPC_| LD ce Tore 
ec ae OR [110] src | a ee af 
L 
|_dst_ | OPC | Lo 
Tore 4 CALL 
p DAy 
ldsticc | OPC | DJNZ, JR DAL 
| RA 


Two-Byte Instructions 


Three-Byte Instructions 


Figure 13. Instruction Formats 


LEE ET ELLE ETE SS TT PE TELE TET STE ET ELT TT TL TET I EGE TESTE TERS TITS EL LIE TET IIS IES LEAS EGE SPT CE TE TIE ONESTAT GRILLE ETE EER LO EEE EL EE LDL EET ET TLE TE ELA IELTS SNE ET OR TE TE SE 
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Instruction 
Summary 


Instruction Addr Mode Opcode 


: Byt 
and Operation = 3., arc (Hex) 
ADC dst,src (Note 1) 10 
dst — dst + src + C 
ADD dst,src (Note 1) 0c 
dst — dst + sre 
AND dst,src (Note 1) 50) 
dst — dst AND src 
CALL dst DA D6 
SP — SP -2 IRR D4 
@SP — PC; PC — dst 
CCF EF 
C-NOTC 
CLR dst R BO 
dst — 0 IR Bl 
COM dst R 60 
dst — NOT dst IR 61 
CP dst,src (Note 1) AU 
dst - src 
DA dst R 40 
dst — DA dst IR 4) 
DEC dst R 00 
dst -— dst - 1 IR Ql 
DECW dst RR 80 
dst — dst - 1 IR 81 
DI 
IMR (7) — 0 8F 
DJNZ r,dst RA rA 
r-r-1 r=0-F 
ifr # 0 
PC — PC + dst 
Range: +127, -128 
EI OF 
IMR (7) — 1 
INC dst r rE 
dst — dst + 1 r=0-F 
R 20 
IR 21 
INCW dst RR AO 
dst — dst + 1 IR Al 
IRET BF 


FLAGS -— @SP; SP — SP +] 
PC — @SP; SP—SP + 2; IMR(7) — 1 


JP cc,dst DA cD 
if cc 1s true c=0-F 
PC — dst IRR 30 
JR cc,dst RA cB 

if cc 18 true, c=0-F 

PC — PC + dst 

Range: + 127, -128 

LD dst,src r Im rC 

dst — src r R r8 
R r9 

r=0-F 

r X Gi 
X r D7 
r Ir E3 
Ir r F3 
R R E4 
R IR E5 
R Im E6 
IR Im E7 
IR R F5 

LDC dst,src r Irr C2 

dst — src Irr r D2 

LDCI dst,src Ir Irr C3 

dst — sre Irr Ir D3 


r-—r+1]1; rr—rr+1]1 


Flags Affected 


CZSVDH 


ke ke ee Ok 


kk ee OD * 


—-* *Q-- 


—- * * *e¥— — 


—_ * &F Fe — 


xk kk ke kek 


Instruction Addr Mode i at Flags Affected 
. Vv e a: 
and Operation dais ‘eee (Hox) CZSVDH 


LDE dst,src r Irr 82 ------ 

dst — src Irr r 92 

LDEI dst,src Ir Irr 83 ------ 

dst — src Irr Ir 93 

r—r+1;r-—rrt+1] 

NOP FF ------ 

OR dst,src (Note 1) 40 ae ee 

dst — dst OR src 

POP dst R BO ee ah ee eS 

dst -— @SP IR 51 

SP — SP + 1 

PUSH src R 70 ------ 

SP —~ SP-1; @SP — src IR 71 

RCF CF Q-----=- 

C-0 

RET At 2>eSss)5.4 

PC — @SP; SP—SP +2 

RL dst emma 90 a 
IR 9] 

RLC dst ;_ ____]] R 10 i es ae Rd 
EY i 

RR dst R EO a a a 
iR zl 

RRC dst R Co pS A os 
La -—H ip a 

SBC dst,src (Note 1) 30 ee ee] oe 

dst — dst - src - C 

SCF DF Tis est ceeeem ee La 

C-]1 

SRA dst [5 R DO tee Qs = 
IR D1 

SRP src Im a Se ee 

RP — src 

SUB dst,src (Note 1) 20 ee 

dst — dst - src 

SWAP dst —i—_— R FO X **X- - 

Le ik Fl 

TCM dst,src (Note 1) 60 -**Q-- 

(NOT dst) AND src 

TM dst, src (Note 1) 70 - **Q-- 

dst AND src 

XOR dst,src (Note 1) BL - **Q-- 


dst — dst XOR src 


Note 1 


These instructions have an identical set of addressing 
modes, which are encoded for brevity. The first opcode 
nibble is found in the instruction set table above. The 
second nibble 1s expressed symbolically by a UJ in this 
table, and its value is found in the following table to the 
left of the applicable addressing mode pair. 

For example, to determine the opcode of an ADC 
instruction using the addressing modes r (destination) and 
Ir (source) 1s 13. 


Addr Mode Lower 
dst are Opcode Nibble 
r r 
r Ir 
R R [4] 
R IR 5 
R IM (6) 
IR IM 
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Registers R240 SIO 


Serial I/O Register 
(FO; Read/Write) 


EXCACACACICACAC 
is eno SERIAL DATA (Dy = LSB) 


R241 TMR 
Timer Mode Register 
(Fly; Read/Write) 


CACACACACACACALA 


Tour MODES e = NO FUNCTION 
NOT USED = 00 1 = LOAD Ty 
1’ OUT = 10 0 = DISABLE Ty COUNT 
INTERNAL CLOCK OUT = 11 1 = ENABLE T, COUNT 
0 = NO FUNCTION 
Tiy MODES = 
EXTERNAL CLOCK INPUT = 00 1 = LOADT, 
GATE INPUT = 01 0 = DISABLE T, COUNT 
TRIGGER INPUT = 10 1 = ENABLE T, COUNT 


(NON-RETRIGGERABLE) 
TRIGGER INPUT = 11 
(RETRIGGERABLE) 


R242 Tl 
Counter Timer 1 Register 
(F243; Read/Write) 


|B, | Dg] Ds | Ds] Ds] D2} D, [Do] 
| T, INITIAL VALUE (WHEN WRITTEN) 
(RANGE 1-256 DECIMAL 01-00 HEX) 


T, CURRENT VALUE (WHEN READ) 


R243 PRE! 
Prescaler 1 Register 
(F343; Write Only) 


[Dr [Be] Ds [D4] Ds [Dz | Ds | Do 


| count MODE 
0 = T, SINGLE-PASS 
1 = T, MODULO-N 


R244 TO 


Counter/Timer 0 Register 


(F413; Read/Write) 


| Tp INITIAL VALUE (WHEN WRITTEN) 
(RANGE 1-256 DECIMAL 01-00 HEX) 


T,y CURRENT VALUE (WHEN READ) 


R245 PREO 
Prescaler 0 Register 
(F5y; Write Only) 


[Br [De] Ds| D4} Ds] D-] D4 [Do] 


COUNT MODE 
0 = Ty SINGLE PASS 
Tp MODULO-N 


1 


RESERVED 


PRESCALER MODULO 
(RANGE 1-64 DECIMAL 
01-00 HEX) 


= 


R246 P2M 
Port 2 Mode Register 
(F6y; Write Only) 


|B, |g | Ds | Ds] Ds| D2]; [Do] 


| P2)-P2, 0 DEFINITION 
0 DEFINES BIT AS OUTPUT 


1 DEFINES BIT AS INPUT 


R247 P3M 
Port 3 Mode Register 
(F7y; Write Only) 


| 0 PORT 2 PULL-UPS OPEN DRAIN 
1 PORT 2 PULL UPS ACTIVE 


RESERVED 
OTT INTERNAL 0P32 = INPUT P35 = OUTPUT 
0 = TL EXTERNAL TIMING INPUT 1 P32 = DAVOIRDYO P35 = RDYO/DAVO 
(Tin) MODE 00 P33 = INPUT P34 = OUTPUT 
01 as 
PRESCALER MODULO 10 }P33 = INPUT p34 = DM 
p00 HEX) ae 11 P33 = DAVI/RDY1 P34 = RDY1/DAVi 
0 P31 = INPUT (Ty) P36 = OUTPUT (Tour) 
1P31 = DAV2/RDY2 P36 = RDY2/DAV2 
0 P30 = INPUT P37 = OUTPUT 
1P30 = SERIALIN P37 = SERIAL OUT 
0 PARITY OFF 
1 PARITY ON 
Figure 14. Control Registers 
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Registers R248 PO1M R252 FLAGS 
(Continued) Port 0 and 1 Mode Register Flag Register 
(F8uy; Write Only) (FCy; Read/Write) 


[D7 |] Ds] Ds | D4 [Ds] De | Ds | Dy 


[D; [Dg | Ds | D, | Ds | Dy | Ds | Do| 
P0,-P0, MODE P0)-P0, MODE | Luccr FLAG F1 
OUTPUT = 00 | 00 = OUTPUT 
INPUT = 01 01 = INPUT URERCELAG.PA 
Ayo-Aig = 1X 1X = Ag-Any HALF CARRY FLAG 
EXTERNAL MEMORY TIMING STACK SELECTION DECIMAL ADJUST FLAG 
NORMAL = 0 0 = EXTERNAL 
EXTENDED = 1 1 = INTERNAL OVERFLOW FLAG 
P1p-P17 MODE eleneen 
00 = BYTE OUTPUT ZERO FLAG 
01 = BYTE INPUT 


10 = ADy-AD, CARRY FLAG 
11 = HIGH-IMPEDANCE ADo-AD7, 
AS, DS, RIW, Ag-A1s, A12-A15 


7 


IF SELECTED 
R249 IPR R253 RP 
Interrupt Priority Register Register Pointer 
(F9u; Write Only) (FDy; Read/Write) 


[D7 | Bs | Bs | Ds | Os ] D2 | | Do) [Dr] [Ds | Ds | Ds] De | Ds [Dy] 


RESERVED INTERRUPT GROUP PRIORITY fas a a ’ 
RESERVED = 000 BON TCARE 
1RQ3, IRQ5 PRIORITY (GROUP A) C>A>B8B = 001 REGISTER Te 
0 = IRQS > IRQS A>B>C = 010 POINTER ts 
1 = IRQ3 > IRQS A>C>B= 011 
B>C>A= 100 "4 
IRQO, IRQ2 PRIORITY (GROUP B) C>B>A-= 101 
6 = IRQ2 > IRQO B>A>cC = 110 
1 = IRQO > IRQ2 RESERVED = 111 
IRQ1, IRQ4 PRIORITY (GROUP C) 
0 = IRQ1 > IRQ4 


1 = IRQ4 > IRQ1 


ie 


R250 IRQ R254 SPH 
Interrupt Request Register Stack Pointer 
(FAy; Read/Write) (FEy; Read/Write) 


[27 | De [Ds [De ] Da] D2 [D4 | Do [Dr] Be [Ds | D,] Ds [D2 | Ds | Do] 
RESERVED a eet IRQO = P32 INPUT (Dp = IRQO) | STACK POINTER UPPER 


IRQ1 = P33 INPUT BYTE (SP,-SP 
IRQ2 = P31 INPUT ey 
IRQ3 = P39 INPUT, SERIAL INPUT 

IRQ4 = To, SERIAL OUTPUT 


IRQS = Ty 
R251 IMR R255 SPL 
Interrupt Mask Register Stack Pointer 
(FBy; Read/Write) (FFy; Read/Write) 


[D7 | De [Ds [D4] De] Dz | Ds | Do, [Dy | Dg | Ds [D4 [D3 | Da] Dy [Dy | 
| | 1 ENABLES IRQO-IROQS5 | 
(Dp = IRQO) STACK POINTER LOWER 


BYTE (SPo-SP 
RESERVED Breet?) 


1 ENABLES INTERRUPTS 


Figure 14. Control Registers 
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Lower Nibble (Hex) 


Opcode 
Map 
6,5 6,5 6,5 6,5 
DEC | ADD ADD LD LD 
IRi ri,r2 | ri,Ir2 r1,R2 | r2,Ri 
10,5 10,5 10,5 10,5 
ADC ADC;| ADC; ADC; ADC 
Y1,12 R2,Ri{ IR2,Ri{ Ri,IM| IR1,IM 
6, 10,5 10,5 10,5 10,5 
IN ic SU SUB | SUB} SUB| SUB 
TRi r1,Ir R2,Ri} IR2,R1} Ri,IM| IR:1,IM 
10,5 10,5 10,5 10,5 
Sh RP SBC SBC SBC | SBC | SBC| SBC 
ue r1,T2 r1,Ir2 } Re2,Ri | IR2,Ri] Ri,IM]| IRi,IM 
5 . ms a 10,5 _ . 
OR 
ai in, Ri, IM a an 
10,5 re : 10,5 10,5 
AND AND | AND 
rl, wat R2, Ri Leal Ri,IM| IRi,IM 
10,5, 10,5 10,5 10,5 
= rei TCM TCM | TCM | TCM 
” rl, at R2,R1 | IR2,Ri | Ri,IM}| IRi,IM 
-* 10/12, 1| 12/14,1 ae 5 = 5 ae 5 ne 5 
a oo PUSH 
3 an aes ma ae i 
is za 5 10,5 12,0 
Sy DECW | DECW | LDE LDEI 
=) RR1 IR r1,Irr2 | Iri,Irr2 
12,0 es 0 
-LDE 
ae r2,Irr} 
ee 5 a - 2 . 
CW 
ate men ae ao 7 IRi1,IM 
10,5 10,5 ae S 10,5 
cL Lae XOR | XOR XOR 
= R2,Ri | IR2,R1 ane IR, IM 
12,0 
ac LDC LDCI 
r1, Irr2 | Iri,Irr2 
12,0 18,0 20,0 
LDC | LDCI | CALL* 
r2,Irr} |Ir2,Irri| IRR ie x, ae 
ae 5 10,5 a 5 af 5 
Aart TR2, Ri nat a IM 
10,5 
F 
R2,IRi 
Bytes per 
Instruction 2 3 2 3 1 
Lower 
Opcode 
Nibble 
eae | oa Legend: 
veer 4 = R = 8-Bit Address 
r = 4-Bit Address 
Upper 10,5 Ri or r; = Dst Address 
Opcode ——>> A CP Mnemonic R2 or rg = Src Address 
Nibble R2,R1 
Sequence: 
First Second Opcode, First Operand, Second Operand 
Operand Operand Note: The blank areas are not defined. 


*2-byte instruction; fetch cycle appears as a 3-byte instruction 
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Absolute Voltages on all pins Stresses greater than those listed under Absolute Maxi- 


Maximum with respect toGND.......... -0.3Vto +7.0V aa Ratings may sales gasses oe the device. 
ti is is a stress rating only, operation of the device at any 
Ratings Operating Ambient condition above those indicated in the operational sections 
Temperature........ See Ordering Information of these specifications 1s not implied. Exposure to absolute 
és S maximum rating conditions for extended periods may affect 
Storage Temperature........ bo" Cio +150°C. je ea reliability: 
Standard The characteristics below apply for the 0 +4.75V < Voc S +5.25 V 
Test following standard test conditions, unless O GND =0V 
Conditions otherwise noted. All voltages are referenced to : ee 
GND. Positive current flows into the reference 00°C sT, = +70°C 
pin. Standard conditions are as follows: *See Ordering Information section for package 
temperature range and product number, 
+5V +5V +5V +5V 
21K 18K 
FROM OUTPUT FROM OUTPUT 1.5k 
UNDER TEST UNDER TEST 74LS04 74LS04 


XTAL2 


IN 
150 T en 50 pF | ey T CL = 15pF MAX 
T CL = 15pF MAX 
Figure 15. Test Load 1 Figure 16. Test Load 2 Figure 17. External Clock Interface Circuit 
DC Symbol Parameter Min Max Unit Condition Notes 
Character- —_— SO 
istics Vou Clock Input High Voltage 3.8 Vee V___sDriven by External Clock Generator 
VeL Clock Input Low Voltage -0.3 0.8 V___ Driven by External Clock Generator 
Vin Input High Voltage 2.0 Vec 


Vin Input Low Voltage -0.3 0.8 


V 
V 
VeH Reset Input High Voltage 3.8 Vec V 
V 
V 
V 


Vai Reset Input Low Voltage -0.3 0.8 

Vou Output High Voltage 2.4 Ion = -250 pA ] 
VoL Output Low Voltage 0.4 Io, = +2.0 mA l 
hin Input Leakage -10 10 pA OVS Vin S +5.25 V 

lon Output Leakage -10 10 pA OVS Vw s +5.25 V 

lig Reset Input Current -50 pA Voc = +5.25 V, Va, = OV 

loc Vcc Supply Current 180 mA 

Iv Vem Supply Current 10 mA Power Down Mode 

Vem Backup Supply Voltage 3 Vec VV ~Power Down 


1. For Ag-Aj1, MDS, SYNC, SCLK and IACK on the Z8602 version, IoyH = -100 pA and Ioy, = 1.0 mA. 


RE AE PIT ERE SE IO SE OO I I TSS TES ITED I RET EI SS I EA EP TLE A ET TEE ET EES I EES TTT EE ET CERT TE TIE TTT EVE IE ADE PEED ITT EEE TEST TOT CEE ET TE POEL ET TERETE IES 
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External I/O 
or Memory 
Read and 
Write Timing 


Number Symbol Parameter Min Max Unit Notes 
] TdA(AS) Address Valid to Address Strobe Delay 50 ns 2 
2 TdAS(A) Address Strobe to Address Float Delay 70 ns 1,2 
3 TdaAS(DI) Address Strobe to Data In Valid Delay 360 ns 1,4 
4 TwAS Address Strobe Width 80 ns 1,2 
5 —— TdA(DS) —— Address Float to Data Strobe Delay ————-— 0 ———-— ns = 
6a TwDS Data Strobe Width Read 250 ns 1,3 
6b TwDsS Data Strobe Width Write 160 ns Lio 
7 TdDS(DI) Data Strobe to Data In Valid Delay 200 ns 1,4 
8 —— ThDS(DI) — Data In Hold Time 0 ns 
9 TdDS(A) Data Strobe to Address Change Delay 80 ns LZ 
10 TdDS(AS) Data Strobe to Address Strobe Delay 70 ns 1,2 
1] TdR(AS) Read Valid to Address Strobe Delay 50 ns 1,2 
12 ——— TdDS(R) —— Data Strobe to Read Change Delay 60 ———_————"— ns a 
13 TdDO(DS) Data Out Valid to Data Strobe Delay 50 ns ie 
14 TdDS(DO) Data Strobe to Data Out Change Delay 80 ns 12 
15 TdW(AS) Write Valid to Address Strobe Delay 50 ns ae 
16 TdDS(W) Data Strobe to Write Change Delay 60 ns 1,2 


NOTES: 


Test Load 1. 

2. Delay times given are for an 8 MHz crystal input 
frequency. For lower frequencies, the change 1n clock 
period must be added to the delay time. 


3. Data Strobe Width 1s given for an 8 MHz crystal input 
frequency For lower frequencies the change 1n three 
clock periods must be added to obtain the min:mum 
width. The Data Strobe Width vanes according to the 
instruction being executed. 


oe) 


4. Address Strobe and Data Strobe to Data In Valid delay times 
represent memory system access times and are given for an 8 
MHz crystal input frequency For lower frequencies, the change 
in four clock periods must be added to TdAS(DI) and the 
change 1n three clock periods added to TdDS(DI) 


5. All timing references assume 2.0 V for a logic “1” and 
08 V for a logic “0.” 


ca rea on =o5 
rc Ty 
——O—, >| 
OO 
s i. 
$$$ )—______> 
RIW 


AEA LT LE EL LI EE ST NT EE LE EE LP LS TE SITE LET BLES ETI SES TTT TTT SELIG LIE EL LTT LE TE LETTS PET EERE ETE TLE TE IE PRET TST TT TP ETT EN I TL ET EI A TE CE TN SE TS ET EL LIED 
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Additional 


Timing 
Table 


Number Symbol Parameter Min 
TpC Input Clock Period 125 
2 TrG; TiC Input Clock Rise and 
Fall Times 
3 TwC Input Clock Width or 
4— TdSC(AS)— System Clock Out to Address 
Strobe Delay Time 
5 TdSY(DS) Instruction Syne Out to Data 200 
Strobe Delay Time 
6 TwoY Instruction Sync Out Width 160 
Twl Interrupt Request via 100 


NOTES: 


1 Test Conditions use Test Load 1 for SCLK when output 
through the Port 3 pins and Test Load 2 on the SCLK 
and SYNC direct outputs on Z8602. 


Port 3 Input Width 


. Times given assume an 8 MHz crystal input frequency. 


For lower frequencies, the change in two clock periods 
must be added 


CLOCK 
>| ~<« > <-(2) 
SCLK 
AS 
| INTERRUPT 
REQUEST 
| SAMPLED READ CYCLE 
——. Bes a —_ 
DS x va 
SYNC 


Max 


1000 
25 


3 From external clock generator 


WRITE CYCLE 


Unit 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


aaa 


Notes 


4. All timing references assume 2 0 V for a logic “1” and 
0 8 V for a logic “O” 


DATA IN 
SAMPLED 


SE I I TEL TT a I CE I EE IE DE EPI a TSA TE ES SIE SE TS EN EE ET OTE IPERS ED TSO SET EE ET EIS 
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Handshake Number Symbol 
Timing 
] TsDI(DA) 
2 ThDA(DI) 
3 TwDA 
4a 
45 TdDAL(RY) 
5a 
TdDAH(R 
Bb DAH(RY) 
6 TdDO(DA) 
7 TdRY(DA) 
NOTES: 


1. Test Load 1 
2. Input Handshake 
3. Output Handshake 


DATA IN 


DAV 
INPUT 


RDY 
OUTPUT 


Parameter Min 
Data In Setup Time 0 
Data In Hold Time 230 
Data Available Width 17S 
Data Available Low to Ready 20 
Delay Time -————--—___ 0 
Data Available High to Ready 
Delay Time 0 
Data Out to Data Available 50 
Delay Time 
Ready to Data Available Delay Time 0 
{wane 4} 
<—O-+| |-—@0—> 
t 
>| @ | are 5) ——> 


Input Handshake 


Max Unit Notes 


ns 
ns 
ns 
175 ns 


150 ns 


205 ns 1 


PORT 
READ 


DATA OUT DATA OUT VALID 
GS PORT 


DAV 
OUTPUT 


RDY 
INPUT 


Output Handshake 


Z8602, Z8603 Number Symbol Parameter Min Max Unit Notes 
Memory Port 
Timing ] TdA(DI) Address Valid to Data In 460 ns ] 
Valid Delay Time 
2 ThDI(A) Data in Hold Time 0 ns 
NOTES: 
1. Test Load 2 
2. Delay times are specified for an input clock frequency of 8 MHz. 
3. All timing references assume 2.0 V for a logic “1” and 0.8 V for a logic “0”. 
———$_$_—_0)}-______> <—(2)—> 
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Ordering Product Package/ Product Package/ 


Information Number Temp Speed Description Number Temp Speed Description 
Z8601 CE 8.0 MHz Z8 MCU Z8602 QE 8.0 MHz Z8 MCU 
(2K ROM, 40-pin) (2K XROM, 
Z8601 Cs 8.0 MHz Same as above 64-pin) 
Z8601 DE 8.0 MHz Same as above 28602 QS 8.0 MHz Same as above 
Z8603 RS 8.0 MHz Z8 MCU 
Z8601 DS 8.0 MHz Same as above (OK XROM, 
Z8601 PE 8.0 MHz Same as above Prototype Device, 
Z8601 PS 8.0 MHz Same as above 40-pin) 


NOTES: C = Ceramic, D = Cerdip, P = Plastic, Q = Quip, R = Protopack; E = -40°C to +85°C, S = 0°C to +70°C. 
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Z8° Family of 
Microcomputers 
Z8611 ¢ Z8612 ¢ Z8613 


Product 


Wa Specification 


Zilog June 1982 


Z8611 Single-Chip Microcomputer with 4K ROM 
Z8612 Development Device with Memory Interface 
Z8613 Prototyping Device with EPROM Interface 


Features m Complete microcomputer, 4K bytes of ROM, @ Full-duplex UART and two programmable 
128 bytes of RAM, 32 I/O lines, and up to 8-bit counter/timers, each with a 6-bit 
60K bytes addressable external space each programmable prescaler. 
for program and data memory. @ Register Pointer so that short, fast instruc- 
@ 144-byte register file, including 124 tions can access any of nine working- 
general-purpose registers, four I/O port register groups in 1.5 us. 
registers, and 16 status and control @ On-chip oscillator which accepts crystal or 
registers. external clock drive. 
m Average instruction execution time of m Low-power standby option which retains 
2.2 us, maximum of 4.25 ps. contents of general-purpose registers. 
oe Mee priority so for I/O, ™ Single +5 V power supply—all pins TTL 
counter/timers, and UART. compatible. 
General The Z8611 microcomputer introduces a new figured as a stand-alone microcomputer with 
Description level of sophistication to single-chip architec- AK bytes of internal ROM, a traditional micro- 
ture. Compared to earlier single-chip micro- processor that manages up to 120K bytes of 
computers, the Z8611 offers faster execution; external memory, or a parallel-processing ele- 
more efficient use of memory; more sophisti- ment in a system with other processors and 
cated interrupt, input/output and bit-manipula- peripheral controllers linked by the Z-BUS. In 
tion capabilities; and easier system expansion. all configurations, a large number of pins 
Under program control, the Z8611 can be remain available for I/O. 


tailored to the needs of its user. It can be con- 


TIMING 1 
Seenor XTAL2 2 
e | cock XTAL1 3 
P3, 4 
P3y 5 
RESET 6 
PORT 0 PORT 2 RIW 7 
(NIBBLE (BIT PRO- 5s ‘ 
PROGRAMMABLE) GRAMMABLE) 
VO OR Ag-Ais Hie) AS 9 
P35 
GND 
P3, 
PO, 
PO, 
PORT 3 
PORT 1 (FOUR INPUT, PO, 
(BYTE FOUR OUTPUT) Po 
PROGRAMMABLE) SERIAL AND 3 
WO OR ADo-AD7 PARALLEL I/O PO, 
AND CONTROL 
PO; 
PO, 
PO, 
Figure 1. Z8611 MCU Pin Functions Figure 2. Z8611 MCU Pin Assignments 
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Architecture 


Z8611 architecture is characterized by a 
flexible I/O scheme, an efficient register and 
address space structure and a number of 
ancillary features that are helpful in many 
applications. i 

Microcomputer applications demand power- 
ful I/O capabilities. The Z8611 fulfills this with 
32 pins dedicated to input and output. These 
lines are grouped into four ports of eight lines 
each and are configurable under software con- 
trol to provide timing, status signals, serial or 
parallel I/O with or without handshake, and an 
address/data bus for interfacing external 
memory. 

Because the multiplexed address/data bus is 
merged with the I/O-oriented ports, the Z8611 
can assume many different memory and I/O 
configurations. These configurations range 
from a self-contained microcomputer to a 


TIMER/ 
COUNTERS 
(2) 


10 
(BIT PROGRAMMABLE) 


REG POINTER 


REGISTER FILE 
124 x 8-BIT 


ADDRESS OR 1/0 
(NIBBLE PROGRAMMABLE) 


microprocessor that can address 120K bytes of 
external memory (Figure 3). 

Three basic address spaces are available to 
support this wide range of configurations: pro- 
gram memory (internal and external), data 
memory (external) and the register file (inter- 
nal). The 144-byte random-access register file 
is composed of 124 general-purpose registers, 
four I/O port registers, and 16 control and 
status registers. 

To unburden the program from coping with 
real-time problems such as serial data com- 
munication and counting/timing, an asynchro- 
nous receiver/transmitter (UART) and two 
counter/timers with a large number of user- 
selectable modes are offered on-chip. Hard- 
ware support for the UART is minimized 
because one of the on-chip timers supplies the 
bit rate. 


XTAL AS DS RIW RESET 


MACHINE TIMING & 
INSTRUCTION CONTROL 


PROGRAM 
MEMORY 
4096 x 8-BIT 


PROGRAM 
COUNTER 


ADDRESS/DATA OR 1/0 
(BYTE PROGRAMMABLE) 


Figure 3. Functional Block Diagram 


Pin 
Description 


AS. Address Strobe (output, active Low). 
Address Strobe is pulsed once at the begin- 
ning of each machine cycle. Addresses output 
via Port | for all external program or data 
memory transfers are valid at the trailing edge 
of AS. Under program control, AS can be 
placed in the high-impedance state along with 
Ports 0 and 1, Data Strobe and Read/Write. 


DS. Data Strobe (output, active Low). Data 
Strobe is activated once for each external 
memory transfer. 


P09-P07, Plo-Pl7, P29-P27, P89-P87. //O Port 
Lines (input/outputs, TTL-compatibie). These 
32 lines are divided into four 8-bit I/O ports 


that can be configured under program control 
for I/O or external memory interface. 


RESET. Reset (input, active Low). RESET ini- 
tializes the Z8611. When RESET is deactivated, 
program execution begins from internal pro- 
gram location 000Cy. 


R/W. Read/Write (output). R/W is Low when 
the Z8611 is writing to external program or 
data memory. 


XTALI, XTAL2. Crystal 1, Crystal 2 (time-base 
input and output). These pins connect a series- 
resonant crystal (8 MHz maximum) or an exter- 
nal single-phase clock (8 MHz maximum) to 
the on-chip clock oscillator and buffer. 
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Address 
Spaces 


Program Memory. The 16-bit program 
counter addresses 64K bytes of program 
memory space. Program memory can be 
located in two areas: one internal and the 
other external (Figure 4). The first 4096 bytes 
consist of on-chip mask-programmed ROM. At 
addresses 4096 and greater, the Z861 1 
executes external program memory fetches. 

The first 12 bytes of program memory are 
reserved for the interrupt vectors. These loca- 
tions contain six 16-bit vectors that correspond 
to the six available interrupts. 


Data Memory. The Z8611 can address 60K 


bytes of external data memory beginning at 


65535 


EXTERNAL 
ROM OR RAM 


4096 
4095 


ON-CHIP 

Location of RO 
first byte of 
instruction 
OXOCUTED. ST cs ees meee ee cs ee eee 
after reset 


interrupt 
Vector 
(Lower Byte) 


Interrupt 
Vector 
(Upper Byte) 


Figure 4. Program Memory Map 


locations 4096 (Figure 5). External data 
memory may be included with or separated 
from the external program memory space. 
DM, an optional I/O function that can be 
programmed to appear on pin P34, is used 
to distinguish between data and program 
memory space. 


Register File. The 144-byte register file 
includes four I/O port registers (RO-R3), 124 
general-purpose registers (R4-R127) and 16 
control and status registers (R240-R255). These 
registers are assigned the address locations 
shown in Figure 6. 

Z8611 instructions can access registers 


65535 


EXTERNAL 
TA 


DA 
MEMORY 


NOT ADDRESSABLE 


IDENTIFIERS 
SPL 
SPH 
RP 
FLAGS 
IMR 
IRQ 
IPR 
PO1M 
P3M 
P2M 
PREO 
TO 
PRE1 
T1 
TMR 
sio 


LOCATION 
255 
264 
268 
252 
251 
250 
248 
248 
247 
246 
245 
244 
243 
242 
241 
240 


PORT 3 MODE 


NOT 
IMPLEMENTED 


GENERAL-PURPOSE 
REGISTERS 


127 


P3 
P2 
PI 
PO 


Figure 6. The Register File 


o-- D&W & 


2038 004, 005 2037-006, 007 


The upper nibble of the register file address 
provided by the register pointer specifies 
the active working register group 


The lower 
nibble of 
the register 
tile address 


SPECIFIED WORKING- 
REGISTER GROUP GS aatiaceiea 
points to the 
specitied 
register 


Figure 7. The Register Pointer 
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Address 
Spaces 
(Continued) 


directly or indirectly with an 8-bit address 
field. The Z8611 also allows short 4-bit register 
addressing using the Register Pointer (one of 
the control registers). In the 4-bit mode, the 
register file is divided into nine working- 
register groups, each occupying 16 contiguous 
locations (Figure 7). The Register Pointer 
addresses the starting location of the active 
working-register group. 


Stacks. Either the internal register file or the 
external data memory can be used for the 
stack. A 16-bit Stack Pointer (R254 and R255) 
is used for the external stack, which can reside 
anywhere in data memory between locations 
4096 and 65535. An 8-bit Stack Pointer (R255) 
is used for the internal stack that resides within 
the 124 general-purpose registers (R4-R127). 


Serial 
Input/ 
Output 


Port 3 lines P39 and P37 can be programmed 
as serial I/O lines for full-duplex serial asyn- 
chronous receiver/transmitter operation. The 
bit rate is controlled by Counter/Timer 0, with 
a maximum rate of 62.5K bits/second. 

The Z8611 automatically adds a start bit and 
two stop bits to transmitted data (Figure 8). 
Odd parity is also available as an option. Eight 
data bits are always transmitted, regardless of 


Transmitted Data 
(No Parity) 


[ss] 0, | D, | 5] D4| Ds | D2 | D;| Do] ST 


| a BIT 
EIGHT DATA BITS 


TWO STOP BITS 


Transmitted Data 
(With Parity) 


[SP] se] P |_| 05] D4] 0s | D2] Ds | Do] ST 


| ere BIT 
SEVEN DATA BITS 
ODD PARITY 


TWO STOP BITS 


parity selection. If parity 1s enabled, the eighth 
bit is the odd parity bit. An interrupt request 
(IRQ4) is generated on all transmitted 
characters. 

Received data must have a start bit, eight 
data bits and at least one stop bit. If parity is 
on, bit 7 of the received data is replaced by a 
parity error flag. Received characters generate 
the IRQ3 interrupt request. 


Received Data 
(No Parity) 


[SP], | Dg [D,] Dg | Ds] 02/0, | Do] ST 
| ere BIT 
EIGHT DATA BITS 
ONE STOP BIT 


Received Data 
(With Parity) 


[SP] P | De/ Ds | Dy ]Ds | Dz | Ds] Dy | ST| 


START BIT 

SEVEN DATA BITS 
PARITY ERROR FLAG 
ONE STOP BIT 


[ 


Figure 8. Serial Data Formats 


Counter/ 
Timers 


The Z8611 contains two 8-bit programmable 
counter/timers (To and T)), each driven by its 
own 6-bit programmable prescaler. The T) 
prescaler can be driven by internal or external 
clock sources; however, the Tg prescaler is 
driven by the internal clock only. 

The 6-bit prescalers can divide the input fre- 
quency of the clock source by any number 
from 1 to 64. Each prescaler drives its counter, 
which decrements the value (1 to 256) that has 
been loaded into the counter. When the 
counter reaches the end of count, a timer 
interrupt request—IRQ, (To) or IRQs (T1)— 
is generated. 

The counters can be started, stopped, 
restarted to continue, or restarted from the 
initial value. The counters can also be pro- 
grammed to stop upon reaching zero (single- 


pass mode) or to automatically reload the 
initial value and continue counting (modulo-n 
continuous mode). The counters, but not the 
prescalers, can be read any time without 
disturbing their value or count mode. 

The clock source for T, is user-definable and 
can be the internal microprocessor clock 
(4 MHz maximum) divided by four, or an 
external signal input via Port 3. The Timer 
Mode register configures the external timer 
input as an external clock (1 MHz maximum), 
a trigger input that can be retriggerable or 
non-retriggerable, or as a gate input for the 
internal clock. The counter/timers can be pro- 
grammably cascaded by connecting the To out- 
put to the input of T,. Port 3 line P3g also 
serves as a timer output (Tout) through which 
To, T or the internal clock can be output. 


LALIT EE TEL TT TE OL TTT TE TIE ND AT TT 7 EE ST SID NA PDF SESE IS DEES ST ENS RSIS IE IEE DIE ESS AE I IE I EE SE TE ETRE EEE ARE EEIE I 
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I/O Ports 


2037-008 


The Z8611 has 32 lines dedicated to input 
and output. These lines are grouped into four 
ports of eight lines each and are configurable 
as input, output or address/data. Under soft- 
ware control, the ports can be programmed to 


Port 1 can be programmed as a byte I/O 
port or as an address/data port for interfacing 
external memory. When used as an I/O port, 
Port 1 may be placed under handshake con- 
trol. In this configuration, Port 3 lines P33 and 
P34 are used as the handshake controls RDY] 
and DAV, (Ready and Data Available). 

Memory locations greater than 4096 are 
referenced through Port 1. To interface exter- 
nal memory, Port 1 must be programmed 
for the multiplexed Address/Data mode. If 
more than 256 external locations are required, 
Port 0 must output the additional lines. 

Port 1 can be placed in the high-impedance 


state along with Port 0, AS, DS and R/W, 


Port 0 can be programmed as a nibble I/O 
port, or as an address port for interfacing 
external memory. When used as an I/O port, 
Port 0 may be placed under handshake con- 
trol. In this configuration, Port 3 lines P39 and 
P35 are used as the handshake controls DAVo 
and RDYo. Handshake signal assignment is 
dictated by the I/O direction of the upper 
nibble PO4-P07. 

For external memory references, Port 0 can 
provide address bits Ag-Aj; (lower nibble) or 
Ag-Aj5 (lower and upper nibble) depending 
on the required address space. If the address 
range requires 12 bits or less, the upper nibble 
of Port 0 can be programmed independently as 


Port 2 bits can be programmed inde- 
pendently as input or output. This port is 
always available for I/O operations. In addi- 
tion, Port 2 can be configured to provide 
open-drain outputs. 

Like Ports 0 and 1, Port 2 may also be 
placed under handshake control. In this con- 
figuration, Port 3 lines P3) and P3g are used as 
the handshake controls lines DAV2 and RDY3. 
The handshake signal assignment for Port 3 
lines P3) and P3¢ is dictated by the direction 
(input or output) assigned to bit 7 of Port 2. 


provide address outputs, timing, status signals, 
serial I/O, and parallel I/O with or without 
handshake. All ports have active pull-ups and 
pull-downs compatible with TTL loads. 


allowing the Z8611 to share common resources 
in multiprocessor and DMA applications. Data 
transfers can be controlled by assigning P33 as 
a Bus Acknowledge input, and P34 as a Bus 
Request output. 


PORT 1 
(lO OR ADy-AD7) 


HANDSHAKE CONTROLS 
\oav, AND RDY; 
(P33 AND P34) 


Figure 9a. Port 1 


I/O while the lower nibble is used for address- 
ing. When Port 0 nibbles are defined as 
address bits, they can be set to the high- 
impedance state along with Port 1 and the con- 


trol signals AS, DS and R/W. 


4 


PORT 0 
(VO OR Ag-A4s) 


DAVp AND RDYo 


\ HANDSHAKE CONTROLS 
(P32 AND P3,) 


Figure 9b. Port 0 


—> PORT 2(I/0) 


t—— 


HANDSHAKE CONTROLS 
\ DAV2 AND RDY2 
(P3, AND P3,) 


Figure 9c. Port 2 


Port 3 lines can be configured as I/O or con- 
trol lines. In either case, the direction of the 
eight lines is fixed as four input (P39-P33) and 
four output (P34-P37). For serial I/O, lines P39 
and P37 are programmed as serial in and serial 
out respectively. 

Port 3 can also provide the following control 
functions: handshake for Ports 0, 1 and 2 
(DAV and RDY); four external interrupt 
request signals (IRQ9-IRQ3); timer input and 
output signals (Tjy and Toyt) and Data 
Memory Select (DM). 


~—t—— | PORT 3 
(/O OR CONTROL) 


Figure 9d. Port 3 
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Interrupts The Z8611 allows six different interrupts from 
eight sources: the four Port 3 lines P39-P33, 
Serial In, Serial Out, and the two counter/ 
timers. These interrupts are both maskable and 
prioritized. The Interrupt Mask register glob- 
ally or individually enables or disables the six 
interrupt requests. When more than one inter- 
rupt is pending, priorities are resolved by a 
programmable priority encoder that is con- 
trolled by the Interrupt Priority register. 

All Z8611 interrupts are vectored. When an 
interrupt request 1s granted, an interrupt 
machine cycle is entered. This disables all 


subsequent interrupts, saves the Program 
Counter and status flags, and branches to the 
program memory vector location reserved for 
that interrupt. This memory location and the 
next byte contain the 16-bit address of the 
interrupt service routine for that particular 
interrupt request. 

Polled interrupt systems are also supported. 
To accommodate a polled structure, any or all 
of the interrupt inputs can be masked and the 
Interrupt Request register polled to determine 
which of the interrupt requests needs service. 


Clock The on-chip oscillator has a high-gain, 
series-resonant amplifier for connection to a 
crystal or to any suitable external clock source 
(XTAL] = Input, XTAL2 = Output). 

The crystal source is connected across 


XTAL1 and XTAL2, using the recommended 
capacitors (C,; = 15 pF)-from each pin to 


ground. The specifications for the crystal are 
as follows: 


m AT cut, series resonant 
@ Fundamental type, 8 MHz maximum 
@ Series resistance, R, = 100 2 


Power Down 
Standby 
Option 


The low-power standby mode allows power 
to be removed without losing the contents of 
the 124 general-purpose registers. This mode 
is available to the user as a bonding option 
whereby pin 2 (normally XTAL2) is replaced 
by the VyM (standby) power supply input. This 
necessitates the use of an external clock 
generator (input = XTALI) rather than a 
crystal source. 

The removal of power, whether intended or 
due to power failure, must be preceded by a 
software routine that stores the appropriate 
status into the register file. Figure 10 shows 


the recommended circuit for a battery back-up 
supply system. 


+5V O 


TRICKLE 


CHARGE {r 


il 


Figure 10. Recommended Driver Circuit 
for Power Down Operation 


Z8612 This 64-pin development version of the 
Development 40-pin mask-programmed 28611 (Figure 11) 
Device allows the user to prototype the system in hard- 
ware with an actual device and to develop the 
code that is eventually mask-programmed into 
the on-chip ROM of the Z8611. 
The Z8612 is identical to the Z8611 with the 


following exceptions: 
@ The internal ROM has been removed. 


m The ROM address lines and data lines are 
buffered and brought out to external pins. 


@ Control lines for the new memory have 
been added. 


Pin Description. The functions of the Z8612 
I/O lines, AS, DS, R/W, XTAL], XTAL2 and 
RESET are identical to those of their Z8611 
counterparts. The functions of the remaining 
24 pins are as follows: 


Ao-Aj,. Program Memory Address (outputs). 
Ao-A}; access the first 4K bytes of program 
memory. 
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64 L] Vcc 
63 | _} XTAL2 
62 || XTAL1 


Figure 11. Z8612 Pin Assignments 
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Z8612 
Development 
Device 
(Continued) 


Do-Dy7. Program Data (inputs). Program data 
from the first 4K bytes of program memory is 
input through pins Do-D7. 

IACK. J/nterrupt Acknowledge (output, active 


High). IACK is driven High in response to an 
interrupt during the interrupt machine cycle. 


MDS. Program Memory Data Strobe (output, 
active Low). MDS is Low during an instruction 
fetch cycle when the first 4K bytes of program 
memory are being accessed. 


SCLK. System Clock (output). SCLK is the 
internal clock output through a buffer. The 
clock rate is equal to one-half the crystal 
frequency. 


SYNC. Jnstruction Sync (output, active Low). 
This strobe output 1s forced Low during the 
internal clock period preceding an opcode 
fetch. 


Z8613 
Protopack 
Emulator 


The Z8613 MPE (Protopack) 1s used for 
prototype development and preproduction of 


mask-programmed applications. The Protopack 


is a ROMless version of the standard Z8611, 
housed in a pin-compatible 40-pin package 
(Figure 12). 

To provide pin compatibility and inter- 
changeability with the standard mask- 
programmed device, the Protopack carries 
(piggy-backs) a 24-pin socket for a direct 
interface to program memory (Figure 1). The 
24-pin socket is equipped with 12 ROM 


Figure 12. The Z8613 Microcomputer Protopack Emulator 


address lines, 8 ROM data lines and necessary 
control lines for interface to 2732 EPROM for 
the first 4K bytes of program memory. 

Pin compatibility allows the user to 
design the pc board for a final 40-pin mask- 
programmed Z8611, and, at the same time, 
allows the use of the Protopack to build the 
prototype and pilot production units. When the 
final program is established, the user can then 
switch over to the 40-pin mask-programmed 
Z8611 for large volume production. The Proto- 
pack 1s also useful in small volume applica- 
tions where masked ROM setup time, mask 
charges, etc., are prohibitive and program 
flexibility is desired. 

Compared to the conventional EPROM 
versions of the single-chip microcomputers, 
the Protopack approach offers two main 
advantages: 


m@ Ease of developing various programs during 
the prototyping stage: For instance, in 
applications where the same hardware 
configuration is used with more than one 
program, the Z8613 Protopack allows 
economical program storage in separate 
EPROMs (or PROMs), whereas the use of 
separate EPROM-based single-chip 
microcomputers is more costly. 


@ Elimination of long lead time in procuring 
EPROM-based microcomputers. 


Instruction 
Set 
Notation 


Addressing Modes. The following notation 1s used 
to describe the addressing modes and instruction 
operations as shown in the instruction summary. 


IRR Indirect register pair or indirect working-register 
pair address 

Irr Indirect working-register pair only 

xX Indexed address 


DA Direct address 
RA Relative address 
IM Immediate 


R Register or working-register address 

r Working-register address only 

IR Indirect-register or indirect working-register 
address 

Ir Indirect working-register address only 

RR Register pair or working register pair address 


Symbols. The following symbols are used in 
describing the instruction set. 


dst Destination location or contents 

src Source location or contents 

cc Condition code (see list) 

@ Indirect address prefix 

SP Stack pointer (control registers 254-255) 

PC Program counter 

FLAGS Flag register (control register 252) 

RP Register pointer (control register 253) 

IMR Interrupt mask register (control register 251) 


Assignment of a value is indicated by the symbol 

‘—". For example, 
dst — dst + src 
indicates that the source data is added to the 
destination data and the result is stored in the 
destination location. The notation “addr(n)” is used 
to refer to bit “n’’ of a given location. For example, 
dst (7) 


refers to bit 7 of the destination operand. 


\ 
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Instruction Flags. Control Register R252 contains the following Affected flags are indicated by: 


Set ; serge 0 Cleared to zero 
Notation Cc Curae 1 Set to one 
(Continued) yA Zero flag * Set or cleared according to operation 
Ss Sign flag - Unaffected 
Vv Overflow flag xX Undefined 
D Decimal-adjust flag 
H Half-carry flag 
Condition Value Mnemonic Meaning Flags Set 
Codes 1000 Always true -- 
0111 C Carry C= 
1111 NC No carry C =0 
0110 Z Zero ZL. tee} 
1110 NZ Not zero Ze #30 
1101 PL Plus 5 = 0 
0101 MI Minus 5: tae] 
0100 OV Overflow V=1 
1100 NOV No overflow V =0 
0110 EQ Equal Z =] 
1110 NE Not equal Ze SQ 
1001 GE Greater than or equal (S XOR V) = 0 
0001 LT Less than (S XOR V) = 1 
1010 GT Greater than [Z OR (S XOR V)] = 0 
0010 LE Less than or equal [Z OR (S XOR V)] = 1 
1111 UGE Unsigned greater than or equal C=0 
0111 YLT Unsigned less than Cus k 
1011 UGT Unsigned greater than (C=0Q0 ANDZ=0) =1 
0011 ULE Unsigned less than or equal (C OR Z) = 1 
0000 Never true --- 
Instruction 
Formats oer Runner or 
INC r 
One-Byte Instructions 
| Opc | MODE | CLR, CPL, DA, DEC, |_opc | MODE | ADC, ADD, AND, CP, 
on arta Na ae |on frrral ae] 8,08, 885 38 
OPC JP, CALL (Indirect) Sa 
| dst =i OR [4.410] ast | OPC ADC, ADD, AND, CP, 
ast | on tof, o85 ste 
SRP 
apa) 
or [1110 
jobs| MODES anon, she, se, [ser] on [11 0f est] 
| MODE | opc | LD, LDE, LDEI, Ope | OFe si 
ieee 
dst/ OPC Lb 
Lose | ore on [1110] src | —— oF 
DA, 
|_dst_| opc | LD 
OPC CALL 
PDA 
i dsticc | OPC | DJNZ, JR DA, 
Two-Byte Instructions Three-Byte Instructions 


Figure 13. Instruction Formats 


LS NL TIT aL TI STL EE TT TEE SO PE EE EEE TIS PIO ESET REE NS SELLE DALI IE RAE EEL ADE GLE RANG PR PAST PTE DIT LE EOE PIT IIIS TLE D ATE TLE OO TEE LACOSTE D ELITE TL LR EE ELE ELE AL OE EC IE IE TET I LT EE ATT ED 
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Instruction Instruction Addr Mode te Flags Affected Instruction § Addr Mode meee Flags Affected 
. —— e aired ie ohm ee : Se e fee 
Summary and Operation dat axe (Hox) CZSVDH and Operation Sui. dere (Hex) CZSVDEH 
ADC dst,src (Note 1) 10 te ee O + LDE dst,src r Irr 82 -+--+-=- 
dst — dst + src + C dst — src Irr r 92 
ADD dst,src (Note 1) 0—L + ee * OD * LDEI dst,src Ir Irr 83 ------ 
dst — dst + src dst — src Irr Ir 93 
AND dst,src (Note 1) 5C) es aa r-—r+]; rr—rr+l 
dst — dst AND src NOP RF. &aeSe = 
CALL dst DA D6 ------ OR dst,src (Note 1) 40 -** Q-- 
SP — SP -2 IRR D4 dst — dst OR sre 
@SP — PC; PC — dst POP dst R See ena 
CCF EF emo dst -— @SP IR 5] 
C-NOTC SP — SP + 1 
CLR dst R BO ------ PUSH src R 90: ‘see Sh eels 
dst — 0 IR Bl SP —SP-1; @SP —src IR 71 
COM dst R 60 -**Q-- RCF CF Q----- 
dst - NOT dst IR 61 C-0 
CP dst,src (Note 1) AO [a a i RET Abe eee 
dst - src PC —~ @SP; SP-—SP +2 
DA dst R 40 eee KX - - RL dst eae | eh 90 a a ae 
dst - DA dst IR 4] IR 9] 
DEC dst R 00 a RLC dst ;___—_] R 10 i i i 
dee ast IR 01 IR 1 
RR dst R EO ro 
DECW dst RR gs0  -** *—- 
dst — dst - 1 IR 8] oe a 
DI renee see ap me a a 
IMR (7) — 0 8F _—___ 
SBC dst,src (Note 1) 30 se ee ] Oe 
DINZ r,dst RA ra ------ a etome 2 
r-r-] r=0-F SCF DF | ee ee ees 
wir #0 C+] 
PC — PC + dst 
Range: +127, -128 SRA dst R DO ** *0-- 
ae IR DI 
EI 9F ------ epper i. a) #2co.22 2. 
IMR (7) — 1 eel Hes 
INC dst r rE > * * *>— SUB dst Note 1 20 
dst — dst + 1 r=0-F AA Aare ee See are 
R 20 
IR 21 SWAP dst -t.1_ R FO X **X-- 
IR Fl 
INCW dst RR AO - * eee 
dst - dst + 1 IR Al TCM dst,src (Note 1) 60 - **Q-- 
IRET BF esis ae (NOT dst) AND sre 
FLAGS -— @SP; SP —SP +1 TM dst, src (Note 1) 70 ~* *Q-- 
PC — @SP; SP—SP + 2; IMR(7) —1 dst AND src 
JP cc,dst DA cD ------ XOR dst,src (Note 1) BO = * *0-- 
if cc 1s true c=0-F dst — dst XOR src 
PC + dst IRR 30 
JR cc,dst RA cB ------ Note 1 
if cc is true, c=0-F 
PC — PC + dst These instructions have an identical set of addressing 
Range: +127, -128 modes, which are encoded for brevity. The first opcode 
LD dst C nibble is found 1n the instruction set table above. The 
dst = laste x cs an ee second nibble is expressed symbolically by a CL) in this 
. ee R a table, and its value 1s found in the following table to the 
ee left of the applicable addressing mode pair. 
: X C7 For example, to determine the opcode of an ADC 
X a D7 instruction using the addressing modes r (destination) and 
r Ir E3 Ir (source) 1s 13. 
Ir r F3 
R R E4 
R Im E6 Opcode Nibble 
IR Im E7 dst src 
IR R F5 fs é (2] 
LDC dst,src r Irr C2 ------ r Ir 
dst — src Irr r D2 R R [4] 
LDCI dst,src Ir Irr C3 ------ R IR (5] 
dst + src Irr Ir D3 IM 
r-r+1; rr-—rr+1 R (6) 
IR IM 
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Registers R240 SIO 
Serial I/O Register 


(FOy; Read/Write) 


[Dr [Dg | Ds | Dy [Ds | D2] Dy | Do| 


SERIAL DATA (D, = LSB) 


R241 TMR 
Timer Mode Register 
(Fly; Read/Write) 


[Dr [Ds [Ds [Ds | Os | D2] Ds | Do] 


rc 


EXTERNAL CLOCK INPUT = 00 
GATE INPUT = 01 
TRIGGER INPUT = 10 
(NON RETRIGGERABLE) 
TRIGGER INPUT = 11 
(RETRIGGERABLE) 


DISABLE T, COUNT 
ENABLE T, COUNT 


Tour MODES 0 = NO FUNCTION 
NOT USED = 00 1 = LOAD Ty 
Teor e 10 0 = DISABLE T, COUNT 
INTERNAL CLOCK OUT = 11 1 = ENABLE T, COUNT 
z= Tl 
Tyy MODES 1 ‘ pune ON 
0 
1 


R242 T1 
Counter Timer 1 Register 
(F233; Read/Write) 


LB, |B] D5 [D4 [0s | D2] Ds [Do] 
| T, INITIAL VALUE (WHEN WRITTEN) 
(RANGE 1-256 DECIMAL 01-00 HEX) 


T, CURRENT VALUE (WHEN READ) 


R243 PRE] 
Prescaler 1 Register 


(F3y; Write Only) 


Dr [De] Ds [Ds | Ds [02 Dy | Do] 


L COUNT MODE 
0 = T, SINGLE-PASS 
1 = T,; MODULO-N 


R244 TO 
Counter/Timer 0 Register 
(F437; Read/Write) 


[By [Dg | Ds] Dy] Ds D2] Dy | Dy 


| Ty INITIAL VALUE (WHEN WRITTEN) 
(RANGE: 1-256 DECIMAL 01-00 HEX) 


Ty CURRENT VALUE (WHEN READ) 


R245 PREO 
Prescaler 0 Register 
(F5y; Write Only) 


| count MODE 
0 = Ty SINGLE-PASS 
Ty MODULO-N 


1 


RESERVED 


PRESCALER MODULO 
(RANGE 1-64 DECIMAL 
01-00 HEX) 


R246 P2M 
Port 2 Mode Register 
(F6y; Write Only) 


[Dr [De] Ds | De] Ds [Dz Dy | Dy 


| P2)-P2, VO DEFINITION 
0 DEFINES BIT AS OUTPUT 


1 DEFINES BIT AS INPUT 


R247 P3M 
Port 3 Mode Register 
(F7y; Write Only) 


[Br [De] Ds | Bs [ D3] D2] Ds [Do 


0 PORT 2 PULL-UPS OPEN DRAIN 
1 PORT 2 PULL-UPS ACTIVE 


RESERVED 
roe INTERNAL 0 P32 = INPUT P35 = OUTPUT 
0 = 1! EXTERNAL TIMING INPUT 1 P32 = DAVOIRDYO P35 = RDYO/DAVO 
(Tin) MODE 00 P33 = INPUT P34 = OUTPUT 
PRESCALER MODULO $f P33 = INPUT P34 = DM 
HES DECIMAL 114 P33 = DAVI/RDY1 P34 = RDY1/DAVI 
0 P31 = INPUT (Ty) P36 = OUTPUT (Tous) 
1P31 = DAVZ/RDY2 P36 = RDY2/DAV2 
0 P30 = INPUT P37 = OUTPUT 
1P30 = SERIALIN P37 = SERIAL OUT 
0 PARITY OFF 
1 PARITY ON 
Figure 14. Control Registers 
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Registers R248 POM 
(Continued) Port 0 and 1 Mode Register 
(F8y; Write Only) 
P0,-P0, MODE | | P0)-P03 MODE 
OUTPUT = 00 00 = OUTPUT 
INPUT = 01 01 = INPUT 
Ay2-Ais = 1X 1X = As-Ay, 
EXTERNAL MEMORY TIMING STACK SELECTION 
NORMAL = 0 0 = EXTERNAL 
EXTENDED = 1 1 = INTERNAL 


P19-P1, MODE 
00 = BYTE OUTPUT 
01 = BYTE INPUT 
10 = ADy-AD, 


11 = HIGH-IMPEDANCE ADo-AD7, 
AS, DS, RIW, Ag-Aq1, A12-A1s 


IF SELECTED 


R249 IPR 
Interrupt Priority Register 
(F9y; Write Only) 


[Pr |B [Ds ] Ds | Da | Da [Ds | Do, 

RESERVED oa | tease iald aiken PRIORITY 
IRQ3, IRQS PRIORITY (GROUP A) C>A 
0 = IRQS > IRQ3 


RESERVED = 000 

> B = 001 

A>B>C = 010 

1 = IRQ3 > IRQS A>C>B = 011 

B>C>A = 100 

IRQO, IRQ2 PRIORITY (GROUP B) C>B>A = 101 
0 = IRQ2 > IRQO B>A>C= 110 

1 = IRQO > IRQ2 RESERVED = 111 


IRQ1, 1RQ4 PRIORITY (GROUP C) 
0 = IRQ1 > IRQ4 
1 = IRQ4 > IRQ1 


R250 IRQ 
Interrupt Request Register 
(FAy; Read/Write) 


CACACACALICIEACA 
RESERVED oe aes IRQO = P32 INPUT (Do = IRQO) 


{RQ1 = P33 INPUT 

IRQ2 = P3; INPUT 

IRQ3 = P39 INPUT, SERIAL INPUT 
IRQ4 = To, SERIAL OUTPUT 

IRQS = T; 


R251 IMR 
Interrupt Mask Register 
(FBy; Read/Write) 


[Dr | De [1s | Da | Ds [D2] Dy | Do 


| 1 ENABLES IRQO0-IRQ5 
(Dp = !1RQO) 
RESERVED 


1 ENABLES INTERRUPTS 


R252 FLAGS 
Flag Register 
(FCy; Read/Write) 


ESCICICACACACACH 
USER FLAG F1 
USER FLAG F2 
HALF CARRY FLAG 
DECIMAL ADJUST FLAG 
OVERFLOW FLAG 
SIGN FLAG 
ZERO FLAG 
CARRY FLAG 


R253 RP 
Register Pointer 
(FDy; Read/Write) 


[Dy [Dg] Ds | Dy [Ds | Da] Dy [Do 
el | Raa CARE 
REGISTER ‘6 


POINTER 


r— 


R254 SPH 
Stack Pointer 
(FEy; Read/Write) 


[07 | Ds [Ds] D, | Ds [D2] D, | Do] 
STACK POINTER UPPER 


BYTE (SP5-SP,<) 


| 


R255 SPL 
Stack Pointer 
(FF; Read/Write) 


[, | Ds] 05 [04 [ 05] 02], [04 | 
| STACK POINTER LOWER 


BYTE (SP)-SP7) 


Figure 14. Control Registers 


NOW €/2/T198Z 


*2-byte instruction; fetch cycle appears as a 3-byte instruction 


Lower Nibble (Hex) 


Map 
0 1 2 3 4 5 6 7 8 
6,5 6,5 6,5 ac = 10,5 6,5 
0 DEC |} ADD| ADD LD 
IR) ri,r2_| 1ri,Ir2 a a IRi,IM} ri,R2 
6,5 10,5 10,5 ane 5 10,5 
1 ADC ADC; ADC ADC 
r1,¥2 R2,Ri| IR2,R1 “a IR1,IM 
6,5 10,5 10,5 ' 
2 INC SUB | SUB | SUB; SUB 
IR R2, Ri Ri,IM 
8,0 6,1 6,5 10,5 10,5 10,5 10,5 
3 JP SRP SBC | SBC | SBC | SBC| SBC 
IRR1 IM r1,Ir2 | R2,Ri| IR2,Rij Ri,IM| IRi,IM 
8,5 8,5 ps ai o a 6 . S i 
4 DA DA 
Ri TRi aon en Sant m4 on 
10,5 10,5 10,5 10,5 10,5 10,5 
5 ne POP AND | AND | AND| AND 
IRi R2,Ri | IR2,Ri} Ri,IM| IR1,IM 
6,5 10,5 10,5 10,5 
7 6 fe TCM | TCM TCM 
a R2,Ri | IR2,R1 IRi,IM 
6 10/12, 1) 12/14, 1 10,5 10,5 10,5 10,5 
a 7 re PUSH ™ ™ ™ ™ 
3 IR2 R2,Ri | IR2,Ri| Ri,IM| IRi,IM 
F 10,5 et 5 
Py 8 DECW | DECW 
>» RR TR 
12,0 18,0 
9 LDE | LDEI 
Sp r2, Irr, | Ir2,Irr) 
10,5 10,5 ee po me po 
A INCW | INCW 
RRi IR oon ae ae ae 
10,5 10,5 10,5 
B cL ees XOR | XOR 
ee IR2,Ri | Ri,IM ; IRi,IM 
oe 
Cc cae nae 
= IR: r1, Irr2 | Iri, Irr2 rl, 9 <a 
12,0 18,0 20,0 20,0 ee 5 
D SRA oak LDC | LDCI | CALL* oes 
IRi r2,Irr, |Ir2, Irri} IRR: r2, X, — 
Gs a5 5 a 5 10,5 
E LD 
Th on a at, dom IR1,IM 
me 5 
F SWAP eye 
IR} a 7 1 
Bytes per 
Instruction 2 3 
Lower 
Opcode 
Nibble 
Execution | Pipeline 
Cycles 4 Cycles 
Upper 10,5 
Opcode ——> A CP Mnemonic 
Nibble R2,R1 
First Second 
Operand Operand 


6,5 
LD 
r2,R1 


Legend: 

R = 8-Bit Address 

r = 4-Bit Address 

Ri or ri = Dst Address 
R2 or r2 = Src Address 


Sequence: 


Opcode, First Operand, Second Operand 


Note: The blank areas are not defined. 


fo>) 
ta ~- 
=“ 
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Absolute Voltages on all pins Stresses greater than those listed under Absolute Max- 


Maximum with respect toGND.......... -0.3Vto+7.0V = mum Ratings may cause permanent damage to the device. 
Ratings O 4 Ambient This 1s a stress rating only; operation of the device at any 
perating Ambdien condition above those indicated in the operational sections 
Temperature alee aCe See Ordering Information of these specifications 1s not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect 
Storage Temperature........ -65°C to +150°C denice paliability. 
Standard The characteristics below apply for the O +4.75V < Veo S +5.25 V 
Test following standard test conditions, unless _ 
O GND =0V 
Conditions otherwise noted. All voltages are referenced to : =k 
GND. Positive current flows into the reference 00°C s Ty, = +70°C 
pin. Standard conditions are as follows: *See Ordering Information section for package 


temperature range and product number. 
+5V +5V +5V +5V 


21K 18K 


1 Sk 
FROM OUTPUT FROM OUTPUT 
UNDER TEST UNDER TEST 


: ‘| ; “| ; 


74LS04 74LS04 


XTAL2 


XTAL1 


7 Cy = 1S5pF MAX 


Figure 15. Test Load 1 Figure 16. Test Load 2 Figure 17. External Clock Interface Circuit 
DC Symbol Parameter Min Max Unit Condition Notes 
Character- ea Fa SI ae re me aE aE MN NC One A CR ee Pare TAY JE ON EOE ea CS 
istics Vou Clock Input High Voltage 3.8 Veco V Driven by External Clock Generator 


Vc. Clock Input Low Voltage -0.3 0.8 Driven by External Clock Generator 
Vin Input High Voltage 2.0 Vee 
Vin Input Low Voltage -0.3 0.8 


Vy 
V 
V 
Vey Reset Input High Voltage 3.8 Veco V 
V 
V 
V 


Vex Reset Input Low Voltage -0.3 0.8 

Vou Output High Voltage 2.4 lon = -250 pA l 
VoL, Output Low Voltage 0.4 Io, = +2.0 mA ] 
hit Input Leakage -10 10 pA OVS Vi Ss +5.25 V 

oz Output Leakage -10 10 pA OVS Vin S +5.25V 

lig Reset Input Current -50 PA Voc = +5.25 V, Va, = OV 

loc Voc Supply Current 180 mA 

Ivo Vem Supply Current 10 mA Power Down Mode 

Vim Backup Supply Voltage 3 Vec VV ~Power Down 


1 For Ag-Aj), MDS, SYNC, SCLK and IACK on the Z8612 version, IoyH = -100 pA and Io, = 1.0 mA. 


ST TT a ENS TST ITT Se AE EDTA TE LT NEAT EASED ID TEL I OC ERE SITE EL EI EB DEE LEO ETN I.E TIRE PTS TI A ET OTIS ELSES EA ANE OLIN Y IEE DENTE ESN LEC  NES ILE SELES III AGEL NDE NII N LISD SEDER NN ALTO AT I TEE SITE 
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External I/O 
or Memory 
Read and 
Write Timing 


Number Symbol Parameter Min 


] TdA(AS) Address Valid to Address Strobe Delay 50 
2 TdAS(A) Address Strobe to Address Float Delay 70 
3 TdAS(DI) Address Strobe to Data In Valid Delay 


4 TwAS Address Strobe Width 80 

5 —— TdA(DS)-—— Address Float to Data Strobe Delay 0 
6a TwDS Data Strobe Width Read 250 
6b TwDS Data Strobe Width Write 160 

7 TdDS(DI) Data Strobe to Data In Valid Delay 

8 ThDS(DI) Data In Hold Time 0 

9 —— TdDS(A) —— Data Strobe to Address Change Delay —— 80 
10 TdDS(AS) Data Strobe to Address Strobe Delay 70 
ll TdR(AS) Read Valid to Address Strobe Delay 50 
12 TdDS(R) Data Strobe to Read Change Delay 60 
13 TdDO(DS) Data Out Valid to Data Strobe Delay 50 
14 —— TdDS(DO) — Data Strobe to Data Out Change Delay — 80 
15 TdW(AS) Write Valid to Address Strobe Delay 50 
16 TdDS(W) Data Strobe to Write Change Delay 60 


NOTES: 


t All umits in nanoseconds (ns). 


1. Test 


2. Delay times given are for an 8 MHz crystal input 
frequency. For lower frequencies, the change 1n clock 
period must be added to the delay time, 


3. Data Strobe Width 1s given for an 8 MHz crystal input 
frequency. For lower frequencies the change in three 


360 


200 


Unit Notest 


ns 


12 


4. Address Strobe and Data Strobe to Data In Valid delay times 


Load 1. represent memory system access times and are given for an 8 


(62) 


clock periods must be added to obtain the minmum 
width. The Data Strobe Width varies according to the 
instruction being executed. 


PORTO, 
DM 


RIW 


{mene ss—s—‘“—*~‘—*~*S 
ron ee 


—>| (8) |< 


MHz crystal input frequency. For lower frequencies; the change 
in four clock periods must be added to TdAS(DI) and the 
change 1n three clock periods added to TdDS(DI). 


. All timing references assume 2.0 V for a logic “1” and 
0 8 V for a logic “0.” 


SZ RT A TS PI PEI SE SE I TS SE TE CI ARE I AEE SS SE ES EE EBT I DEED ESTE EE EO DI ET EE ESP Bt ETRE TOE EE IE RE EE I ED TIED TEESE Ab NEN TE SE EDT OE AEE SEE SEED 
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Additional 
Timing 
Table 


Number Symbol Parameter Min Max 
TpC Input Clock Period 125 1000 
Z TrC, T£C Input Clock Rise and 25 
Fall Times 
3 TwC Input Clock Width 37 
4—— TdSC(AS)— System Clock Out to Address 
Strobe Delay Time 
5 TdSY(DS) Instruction Sync Out to Data 200 
Strobe Delay Time 
6 TwsY Instruction Sync Out Width 160 
7 Twl Interrupt Request via 100 
Port 3 Input Width 
NOTES 


1 Test Conditions use Test Load 1 for SCLK when output through 
the Port 3 pins and Test Load 2 on the SCLK and SYNC direct 


outputs on Z8612 a logic “0” 


Times given assume an 8 MHz crystal input frequency For 


lower frequencies, the change 1n two clock periods must be 


added 


CLOCK 


SCLK’ 


INTERRUPT 4 DATA IN 
| REQUEST |<— SAMPLED 


SYNC 


IRQn 


SAMPLED READ CYCLE 


cen a 


3 From external clock generator 
4 All timing references assume 2 0 V for a logic “1” and 0 8 V for 


WRITE CYCLE 


Unit Notes 

ns 

ns 3 
ns 3 
ns 

ns 1,2 
ns 1,2 
ns 
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Handshake Number Symbol Parameter Min Max Unit Notes 
Timing 
] TsDI(DA) Data In Setup Time 0 ns 
2 ThDA(DI) Data In Hold Time 230 ns 
3 TwDA Data Available Width 175 ns 1,2 
4a Data Available Low to Ready 20 175 ns 1 
R ’ 
Fee canal La Time 0 ns 1,3——— 
5a Data Available High to Read 150 ns ee 
R g Y ' 
5b Te Delay Time 0 ns 1,3 
6 TadDO(DA) Data Out to Data Available 50 ns l 
Delay Time 
7 TdRY(DA) Ready to Data Available Delay Time 0 205 ns l 
NOTES. 
1. Test Load 1 
2. Input Handshake 
3. Output Handshake 
0) OS 
DAV 
INPUT 
RDY 
OUTPUT PORT 
READ 
Input Handshake 
DATA OUT DATA OUT VALID 
—_ PORT : 
DAV 
OUTPUT 
RDY 
INPUT 
Output Handshake 
28612, Z8613 Number Symbol Parameter Min Max Unit Notes 
Memory Port 
Timing l TdA(DI) Address Valid to Data In 460 ns l 
Valid Delay Time 
2 ThDI(A) Data in Hold Time @) ns 
NOTES. 


1 Test Load 2 


2 Delay times are specified for an input clock frequency of 8 MHz 
3. All timing references assume 2 0 V for a logic “1” and 0.8 V for a logic “0” 


Ao-A141 


Do-D7 


DON’T CARE 


ADDRESS VALID 
DATA IN VALID 
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Ordering Product Package/ Product Package/ 


Information Number Temp Speed Description Number Temp Speed Description 
Z8611 CE 8.0 MHz Z8 MCU Z8612 QE 8.0 MHz Z8 MCU 
(4K ROM, 40-pin) (4K XROM, 
Z8611 Ce 8.0 MHz Same as above 64-pin) 
78611 DE 8.0MHz Same as above 28612 QS  8.0MHz Same as above 
Z8611 DS 8.0 MHz Same as above 28613 RS 8.0 MHz Z8 MCU 
Z8611 PE 8.0 MHz Same as above (4K XROM, 


Prototype Device, 
Z8611 PS 8.0 MHz Same as above 40-pin) 


NOTES: C = Ceramic, D = Cerdip, P = Plastic, Q = Quip, R = Protopack; E = -40°C to +85°C, S = 0°C to +70°C. 
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Z8° Family 
Z8671 Microcomputer 
BASIC/Debug Interpreter 


Product 


Ue 


- 8 

Zilog Brief 

June 1982 

Features m The Z8671 MCU 1s a complete micro- m The BASIC/Debug interpreter can call 

computer preprogrammed with a BASIC/ machine language subroutines to increase 

Debug interpreter. Interaction between the execution speed. 

interpreter and its user 1s provided through m The Z8671’s auto start-up capability allows a 

an on-board UART. program to be executed on power-up or 
m BASIC/Debug can directly address the Reset without operator intervention. 

Z867 1's internal registers and all external m@ Single +5 V power supply—all pins TTL- 

memory. It provides quick examination and compatible. 

modification of any external memory loca- 

tion or I/O port. 

Description The Z8671 Single-Chip Microcomputer cations. The Z8671 MCU allows fast hardware 
(MCU) is one of a line of preprogrammed tests, and bit-by-bit examination and modaifica- 
chips—1in this case with a BASIC/Debug inter- tion of any memory location, I/O port, or 
preter in ROM—offered by Zilog. As a member register. It also allows bit manipulation and 
of the Z8 Family of microcomputers, it offers logical operations. A self-contained line editor 
the same abundance of resources as the other supports interactive debugging, further 
Z8 microcomputers. speeding up program development. 

Because the BASIC/Debug interpreter is The BASIC/Debug interpreter, a subset of 
already part of the chip circuit, programming Dartmouth BASIC, operates with two kinds of 
is made much easier. The Z8671 MCU thus memory: on-chip registers and external ROM 
offers a combination of software and hardware or RAM. The BASIC/Debug interpreter is 
that is ideal for most industrial control appli- located in the 2K bytes of on-chip ROM. 

1 
TIMING 2 
AND 3 
CONTROL einen : 
5 
6 
7 
PORT 2 8 
(NIBBLE (BIT PRO.- 
PROGRAMMABLE) GRAMMABLE) 9 
VO or Ag-Ais fe) 
PORT 3 
FOUR OUTPUT) 
VO OR ADyrAD; eae 
AND CONTROL 
Figure 1. Pin Functions Figure 2. Pin Assignments 
2150-001, 002 A467 
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Description 
(Continued) 


Additional features of the Z8671 MCU 
include the ability to call machine language 
subroutines to increase execution speed and 
the ability to have a program be executed 
on power-up or Reset, without operator 
intervention. 

Maximum memory management capabilities 
include 62K bytes of external program memory 


and 62K bytes’of data memory with program 
storage beginning at location 800 hex. This 
provides up to 124K bytes of useable memory 
space. Very few 8-bit microcomputers can 
directly access this amount of memory. 

Each Z8671 Microcomputer has 24 I/O lines, 
a 144-byte register file, an on-board UART, 
and two counter/timers. 


Language 
Capabilities 


The following listing represents all the 
expressions, operators, functions, and 
statements that can be used with the 
BASIC/Debug interpreter. 


Expressions: 
Variable Names A-Z 


Signed decimal numbers 1n the range -32768 
to + 32767 


Hexadecimal numbers (preceded by “%’’) in 
the range 0 to 65535 


Operators: 
Relational Operators: 
= equal 

<= less than or equal 

< less than 

<> not equal 

> greater than 

>= greater than or equal 


Arithmetic Operators: 


+ addition 

~ subtraction 

* multiplication 

vi division 

\ unsigned division 


Memory Operators: 


@ Any byte may be referenced by 
placing the byte signal character “@" 
in front of the address. For example, 
LET X = @ %1000 assigns the 
value at address %1000 to X. 

LET @ (C*100) = A assigns the value 
of A to the byte at address (C*100). 


t Sixteen-bit words may be 
referenced with an address preceded 
by the word signal character “{”. For 
example, PRINT tt8 will print the 
sixteen-bit value pointed to by the con- 
tents of the word at location 8. 


Functions: 


AND (a,b) Performs a logical AND of the 


expressions a,b. 


USR (a,b,c) Calls an assembly language 
routine at address a. The ex- 
pressions b,c may be used to 
pass arguments to the routine. 
The assembly language routine 


must return a value. 
Statements: 


GO@ Branches to an assembly 
language routine. This statement 
is similar to USR except no 
value is returned by the 


assembly language routine. 


GOSUB 


Calls a subroutine at line 
number. 


GOTO 
IF/THEN 


Branches to a line number. 


Used for conditional operations 
and branches. 


INPUT 


Inputs expressions separated by 
commas. 


IN Same as INPUT except values 
remaining 1n the input bufter 
are used first, then new data 1s 
requested. 


LET Assigns the value of an expres- 
sion to a variable or memory 


location. 
LIST 
NEW 


Lists the current program. 


Establishes a new start-of- 
program address. 


PRINT Lists its arguments, which may 
be text messages or numerical 


values, on the output terminal. 
REM 
RETURN 


Used to insert comments. 


Returns control to line following 


GOSUB statement. 


Initiates sequential execution of 
all instructions 1n current pro- 
gram. 


RUN 


SOP 


Gracefully ends program 
execution. 
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Z8° Family 
28681 Microcomputer 


Uf 


Product 


fa 
Zilog Brief 
June 1982 
Features m “ROMless” version of the Z8601 single-chip m@ Up to 24 programmable I/O lines. 
microcomputer, capable of addressing up to m 40-pin package, single +5 V supply, all 
128K bytes of external memory space. pins TTL compatible. 
General The Z8681 MCU is the “ROMless” version of memory and data memory space of up to 64K 
Description the Z8601 single-chip microcomputer and bytes each. 
offers all the outstanding features of the Z8 Located on-chip are 144 bytes of RAM, 
Family architecture. Using the Z8681, it is organized as a register file of 124 general- 
possible to design a powerful microprocessor purpose registers, 16 control and status 
system incorporating a minimum number of registers, and three I/O port registers. (Port 1 
support devices. cannot be utilized as an I/O register.) This file 
Port 1 is configured to function as a multi- is divided into groups of working registers in 
plexed Address/Data bus (AD j-AD7), while such a way that short format instructions may 
Port O is software configurable to output be used to quickly access a register within a 
address bits Ag-Ajs. This provides for program certain group. 
Functional Register File. The internal register organiza- guickly access any one of the nine groups, 
Description tion of the Z8681 centers around a 144-byte resulting in fast and easy task-switching. 
random-access register file composed of 124 1/O Ports. The I/O ports (Ports 0, 2, and 3) 
general-purpose registers, 16 control registers, are software configurable as input, output, or 
and the three /O port registers. Any general- additional address lines. These ports can also 
purpose register can be oa accumulator, provide timing, status signals, and serial or 
address pointer, index register, or part of the = parallel I/O (with or without handshake). 
internal stack. The register file is divided into /O port space is mapped into the register 
nine groups of 16 working registers. A register file, creating an efficient and convenient 
pointer uses short-format instructions to means of moving data. 
TIMING : uns 
AND 2 P3, 
CONTROL cisex 3 P2, 
4 P2, 
5 P2, 
6 P2, 
PORT 0 PORT 2 7 P23 
(NIBBLE (BIT PRO- 8 P2 
PROGRAMMABLE) GRAMMABLE) 7 
As-Ais V0 9 P2, 
P2, 
P3, 
P3, 
P1, 
Pi, 
PORT 3 
PORT 1 (FOUR INPUT, Pls 
(BYTE FOUR OUTPUT) Pt, 
PROGRAMMABLE) SERIAL AND 
O OR ADo-AD7 PARALLEL I/O P1, 
AND CONTROL Pt, 
P41, 
Pt, 
Figure 1. Pin Functions Figure 2. Pin Assignments 
2040 001, 002 
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Functional 


Interrupts. The Z8681] can respond to six 


used to supply the baud rate for the serial data 


Description — separate interrupts from eight sources. The transfer. The UART is capable of transferring 

(Continued) interrupts are maskable and prioritized by soft- data at a rate of up to 62.5K b/s. 
beh control, thus allowing greater design Counter/Timers. Also on-chip are two 8-bit 
flexibility. . programmable counter/timers (TO and T1), 

Using vectored interrupts, control is auto- each driven by its own 6-bit programmable 

matically passed to the appropriate service prescaler. Both counter/timers can operate 
routine. The interrupts are organized ais four independently of the processor instruction 
external lines and four internal status signals. sequence, thereby unburdening the program 
The internal interrupts control the serial port from such time-critical operations as event- 
handshake and the two counter/timers. counting or elapsed-time calculations. The 
UART. The Z8681 also offers the serial I/O counters can be started, stopped, continued, 
capability of interfacing to asynchronous data or restarted from the initial value by program 
communications. The on-chip counter (TO) is control. 

Instruction The basic instruction set for the Z8681 con- used as accumulators, address pointers, index 

Set for the sists of 47 instruction types and utilizes seven registers, or as internal stack, resulting in fast 

28681 addressing modes. The instructions can data manipulation for real-time applications. 
operate on several types of data elements, The internal pipelining of instructions 
including individual bits, 4-bit BCD dramatically increases throughput by allowing 
characters, bytes, or words. instruction fetches during the previous instruc- 

All 124 general-purpose registers can be tion execution cycles. 
28681 The Z8681 is a Z-BUS-compatible device and feature, the Z8681 can also support a great 


Applications can be interfaced to various Z-BUS peripherals 


such as the Z-CIO, Z-SCC, or FIO. Rue to the 
flexibility of Port 0 and the data memory select 


variety of memory configurations. Figures 3 
and 4 illustrate two design approaches using 


the Z8681. 


2-BUS 


64K 64K 
DATA PROGRAM 
MEMORY 


MEMORY 


Figure 3. Z8681 Interfacing to External Memory 
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Z8681 2-BUS 


Z-BUS COMPATIBLE 


Applications PERIPHERAL CHIP 
(Continued) 
Ce acuonr 
PROGRAM 
MEMORY 
Figure 4. Z8681 Interfacing to Memory-Mapped I/O 
Ordering Product Package/ Product Package/ 
Information Number Temp Speed Description Number Temp Speed Description 
Z868 1 CE 8.0 MHz Z8 MCU Z8681 DS 8.0 MHz Z8 MCU 
(ROMless, 40-pin) (ROMless, 40-pin) 
Z8681 CS 8.0 MHz Same as above Z8681 PE 8.0 MHz Same as above 


Z868 1 DE 8.0 MHz Same as above Z8681 PS 8.0 MHz Same as above 


NOTES: C = Ceramic, D = Cerdip, P = Plastic, E = -40°C to +85°C, S = 0°C to +70°C. 
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zZ-BUS* 
Component Interconnect 


Uy 


Zilog Summary 
June 1982 
Features @ Multiplexed address/data bus shared by m Direct addressing of registers within a 
memory and I/O transfers. peripheral facilitates I/O programming. 

m@ 16 or more memory address bits; 16-bit I/O ™ Bus signals allow asynchronous CPU and 
addresses; 8 or 16 data bits. peripheral clocks. 

@ Supports polling and vectored or non- @ Daisy-chain bus-request structure supports 
vectored interrupts. distributed control of the bus. 

@ Daisy-chain interrupt structure services @ Shared resources can be managed by a 
interrupts without a separate priority general-purpose, distributed resource- 
controller. request mechanism. 

General The Z-BUS is a high-speed parallel shared 
a a ; : PRIMARY SIGNALS 
Description bus that links components of the Z8000 Family. 

It provides family members with a common 

communication interface that supports the 

following kinds of interactions: TSGEOAGONE 

EXTENDED ADDRESS 

m Data Transfer. Data can be moved between 
bus controllers (such as a CPU) and mem- ai 
ories or peripherals. 

@ (Interrupts. Interrupts can be generated by aeeees = hao aeiony 
peripherals and serviced by CPUs over 7 
the bus. BW ——_»> 

_—— WAIT 

m Resource Control. Distributed management <—_fiSE} ——_> 
of shared resources (including the bus itself) 
is supported by a daisy-chain priority ADp-AD45 recs 
mechanism. siamese ea 
The heart of the Z-BUS is a set of multi- eee 

plexed address/data lines and the signals that ais ee ig 

control these lines. Multiplexing data and ati BUSACK——> REQUESTER 

addresses onto the same lines makes more effi- Ai ——> 

cient use of pins and facilitates expansion of oe 

UPT SIGNALS 

the number of data and address bits. Multi- ee iNT 

plexing also allows straightforward addressing 

of a peripheral’s internal registers, which INTAGR 

greatly simplifies I/O programming. oe ee ia 
A daisy-chained priority mechanism resolves 

interrupt and resource requests, thus allowing a ee 

distributed control of the bus and eliminating —— 

: : RESOURCE REQUEST SIGNALS 
the need for separate priority controllers. The wMRO——— 
resource-control daisy chain allows wide 2-BUS <—_—_$ must MULTI-MICRO 
REQUEST 
physical separation of components. COMPONENT ea NETWORK 
The Z-BUS is asynchronous in the sense that ae 
peripherals do not need to be synchronized 
with the CPU clock. All timing information is : ‘ 
Figure 1. Z-BUS Signals 

provided by Z-BUS signals. si ' 
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Z-BUS 
Components 


A Z-BUS component is one that uses Z-BUS 
signals and protocols, and meets the specified 
ac and dc characteristics. Most components in 
the Z8000 Family are Z-BUS components. The 
four categories of Z-BUS components are as 
follows: 


CPUs. A Z-BUS system contains one CPU, and 
this CPU has default control of the bus and 
typically initiates most bus transactions. 
Besides generating bus transactions, it handles 
interrupt and bus-control requests. The Z8001 
Segmented CPU and Z8002 Non-Segmented 
CPU are Z-BUS CPUs. 


Peripherals. A Z-BUS peripheral is a com- 
ponent capable of responding to I/O trans- 
actions and generating interrupt requests. The 
28036 Counter Input/Output Circuit (Z-CIO), 


28038 FIFO Input/Output, Interface Unit 
(Z-FIO), the Z8030 Serial Communication 
Controller (Z-SCC), the Z8090 Universal 
Peripheral Controller (Z-UPC), and the 
Z8052 CRT Controller (Z-CRT) are all 
Z-BUS peripherals. 


Requesters. A Z-BUS requester is any com- 
ponent capable of requesting control of the 
bus and initiating transactions on the bus. A 
Z-BUS requester is usually also a peripheral. 
The 28016 DMA Transfer Controller (Z-DTC) is 
a Z-BUS requester and a peripheral. 


Memories. A Z-BUS memory is one that inter- 
faces directly to the Z-BUS and is capable of 
fetching and storing data in response to Z-BUS 
memory transactions. The 26132 Quasi-Static 
RAM is a Z-BUS memory. 


Other 
Components 


Operation 


4/6 


The Z8 Microcomputer—in its micro- 
processor configuration—conforms to Z-BUS 
timing (which allows it to use Z-BUS 
peripherals and memories), but is missing a 
wait input and certain status outputs. 

The Z8010 Memory Management Unit 
(Z-MMU) is a Z8000 CPU support component 
that interfaces with part of the Z-BUS on the 
CPU side and provides demultiplexed 


Two kinds of operations can occur on the 
Z-BUS: transactions and requests. At any given 
time, one device (either the CPU or a bus 
requester) has control of the Z-BUS and is 
known as the bus master. A transaction is 
initiated by a bus master and is responded to 
by some other device on the bus. Four kinds of 
transactions occur in Z-BUS systems: 


m™ Memory. Transfers 8 or 16 bits of data to or 
from a memory location. 


@ J/O. Transfers 8 or 16 bits of data to or from 
a peripheral. 


@ Interrupt Acknowledge. Acknowledges 
an interrupt and transfers an identi- 
fication/status vector from the interrupting 
peripheral. 


@ Null. Does not transfer data. Typically used 
for refreshing memory. 


Only one transaction can proceed on the bus 


addresses on the memory side. 

The Z8060 First-In-First-Out Butfer (Z-FIFO) 
is not a Z-BUS component; rather, it is used to 
expand the buffer depth of the Z-FIO or to 
interface the I/O ports of the Z-UPC, Z-CIO, 
or Z-FIO to user equipment. 

Z-80 Family components, while not 
Z-BUS compatible, are easily interfaced to 


Z-BUS CPUs. 


at a time, and it must be initiated by the bus 
master. A request, however, may be ini- 
tiated by a component that does not have con- 
trol of the bus. There are three kinds of 
requests: 


@ Interrupt. Requests the attention of the 
Z-BUS CPU. 


m Bus. Requests control of the Z-BUS to ini- 
tiate transactions. 


m@ Resource. Requests control of a particular 
resource. 


When a request is made, it is answered 
according to its type: for interrupt requests an 
interrupt-acknowledge transaction is initiated; 
for bus and resource requests an acknowledge 
signal is sent. In all cases a daisy-chain pri- 
ority mechanism provides arbitration between 
simultaneous requests. 


The Z-BUS consists of a set of common signal 
lines that interconnect bus components (Figure 
1). The signals on these lines can be grouped 
into four catagories, depending on how they 
are used 1n transactions and requests. 


Primary Signals. These signals provide 
timing, control, and data transfer for Z-BUS 
transactions. 


ADo-ADj 15. Address/Data (active High). These 
multiplexed data and address lines carry I/O 
addresses, memory addresses, and data during 
Z-BUS transactions. A Z-BUS may have 8 or 16 
bits of data depending on the type of CPU. In 
the case of an 8-bit Z-BUS, data is transferred 
on ADg-AD7. 


Extended Address. (active High). These 

lines extend ADp-ADj5 to support memory 
addresses greater than 16 bits. The number of 
lines and the type of address information 
carried 1s dependent on the CPU. 


Status. (active High). These lines designate 
the kind of transaction occurring on the bus 
and certain additional information about the 
transaction (such as program or data memory 
access or System versus Normal Mode). 


AS. Address Strobe (active Low). The rising 
edge of AS indicates the beginning of a trans- 
action and that the Address, Status, R/W, and 
B/W signals are valid. 


DS. Data Strobe (active Low). DS provides 
timing for data movement to or from the bus 
master. 


R/W. Read/Write (Low = write). This signal 
determines the direction of data transfer for 
memory or I/O transactions. 


B/W. Byte/Word (Low = word). This signal 
indicates whether a byte or word of data is to 
be transmitted on a 16-bit bus. This signal 1s 
not present on an 8-bit bus. 


WAIT. (active Low). A Low on this line indi- 
cates that the responding device needs more 
time to complete a transaction. 


RESET. (active Low). A Low on this line resets 
the CPU and bus users. Peripherals may be 
reset by _ _ 

RESET or by holding AS and DS Low 


simultaneously. 


CS. Chip Select (active Low). Each peripheral 
or memory component has a CS line that is 
decoded from the address and status lines. A 
Low on this line indicates that the peripheral 
or memory component 1s being addressed by a 
transaction. The Chip Select information is 
latched on the rising edge of AS. 


Bus Request Signals. These signals make 
bus requests and establish which component 
should obtain control of the bus. 

BUSREO. Bus Request (active Low). This line 
is driven by all bus requesters. A Low ind1- 
cates that a bus requester has or 1s trying to 
obtain control of the bus. 

BUSACK. Bus Acknowledge (active Low). A 
Low on this line indicates that the Z-BUS CPU 
has relinquished control of the bus 1n response 
to a bus request. 


BAI, BAO. Bus Acknowledge In, Bus 
Acknowledge Out (active Low). These signals 
form the bus-request daisy chain. 
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Signal CPU Requester Peripheral Memory 
Bidirectional? Bidirectional? Bidirectional! Bidirectional2 
ADp-ADis 
3-state 3-state 3-state 3-state 
Extended Output Output 
Address8 3-state 3-state 2 Input 
Output Output 
10 
Status 3-state 3-state Input C 
<= Output Output 
R/W 3-state 3-state Input Input 
B/W 9———— Output —— Output nk Pripat 
Wai Output Output 
AIT 
a Input Input Open Drain Open Drain 
za Output Output 
= 3-state 3-state Input Input 
—- Output Output 
DS 3-state 3-state Input Input 
CS4 O 0 Input Input 
RESET ————--—— Input —-—-—————_Input!3 —---_ Input8 -------——- 0 
BUSREO leu Bidirectional q g 
Open Drain 
BUSACK Output fe] C] LJ 
BAI? C] Input CO C] 
BAO? ————_- 0) —- Output 0 -—----— ——_ 0 —— 
wT Output 
INT Input UW Open Drain O 
INTACK6 O O Input!! O 
TE’ CJ | Input C 
IEO? C O Output O 
CWiwtsYar 12 Output 
MMRQ Open Drain 
MMST 122 Input 
MMAI/Z, 12 Input 
MMAO/, 12 Output 
1. Only ADo-ADz7, ynless peripheral is 16-Bit. 8. Optional signal(s). 
2. For an 8-bit bus, only ADo-AD7 are bidirectional. 9. For 16-bit data bus only. 
3. Only for a 16-bit peripheral. 10. Optional—usually only input on peripherals that are also 
4. Derived signal, one for each peripheral or memory; decoded requesters. 
from status and address lines. — _ 11. May be omitted 1f peripheral inputs status lines. 
5. Optional—peripherals are typically reset by AS and DS being 12. Optional signal; any component may attach to the resource 
Low simultaneously, however, they can have a reset input. request lines. = 
6. Derived signal; decoded from status lines. 13. Optional signal; a bus requestor may also be reset by AS and 
7. Daisy-chain lines. DS going Low and BAI being High simultaneously. 
CL} No Connection 
Table 1. Z-BUS Component Connections to requester and a peripheral, the attributes in 
Signal Lines. This table shows how the both columns of the table should be combined 
various Z-BUS components attach to each (e.g., input combined with output and 3-state 
signal line. When a device is both a bus becomes bidirectional and 3-state.) 


Signal 
Lines 
(Continued) 


Transactions 
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Interrupt Signals. These signals are used for 
interrupt requests and for determining which 
interrupting component is to respond to an 
acknowledge. To support more than one type 
of interrupt, the lines carrying these signals 
can be replicated. (The Z8000 CPU supports 
three types of interrupts: non-maskable, vec- 
tored, and non-vectored.) 


INT. Interrupt (active Low). This signal can 
be driven by any peripheral capable of gener- 
ating an interrupt. A Low on INT indicates that 
an interrupt request is being made. 


INTACK. Interrupt Acknowledge (active 
Low). This signal is decoded from the status 
lines. A Low indicates an interrupt acknowl- 
edge transaction is in progress. This signal 
is latched by the peripheral on the rising 
edge of AS. 


IEI, IEO. Interrupt Enable In, Interrupt Enable 
Out (active High). These signals form the 
interrupt daisy chain. 


All transactions start with Address Strobe 
being driven Low and then raised High by the 
bus master (Figure 2).The Status lines are 
valid on the rising edge of Address Strobe and 
indicate the type of transactions being initi- 
ated. If the transaction requires an address, 
it must also be valid on the rising edge 
of Address Strobe. 

For all transactions except null transactions 
(which do nothing beyond this point), data is 
then transferred to or from the bus master. The 
bus master uses Data Strobe to time the move- 
ment of data. For a read (R/W = High), the 


WA KK 
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Resource Request Signals. These signals are 
used for resource requests. To manage more 
than one resource, the lines carrying these 
signals can be replicated. (The Z8000 supports 
one set of resource request lines.) 


MMROQ. Multi-Micro Request (active 

Low). This line is driven by any device that 
can use the shared resource. A Low indicates 
that a request for the resource has been made 
or granted. 


MMST. Multi-Micro Status (active Low). This 
pin allows a device to observe the value of the 
MMRO line. An input pin other than MMROQ 
facilitates the use of line drivers for MMRO. 


MMAI, MMAO. Multi-Micro Acknowledge In, 
Multi-Micro Acknowledge Out (active 

Low). These lines form the resource-request 
daisy chain. 


bus master makes ADop-ADjs inactive before 
driving Data Strobe Low so that the 
addressed memory or peripheral can put its 
data on the bus. The bus master samples this 
data just before raising Data Strobe High. For 
a write (R/W = Low), the bus master puts the 
data to be written on ADo-AD}5 before forcing 
Data Strobe Low. 

For an 8-bit Z-BUS, data is transferred on 
ADo-AD7. Address bits may remain on 
ADg-AD}5 while DS is Low. 
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Figure 2. Typical Transaction Timing 


A479 


SNa-Z 


Memory 


For a memory transaction, the Status lines 


Transactions distinguish among various address spaces, 


such as program and data or system and nor- 
mal, as well as indicating the type of trans- 
action. The memory address is put on 
ADop-ADjs5 and on the extended address lines. 
For a Z-BUS with 16-bit data, the memory is 
organized as two banks of eight bits each 
(Figure 3). One bank contains all the upper 


Ao-Ai5 


EXTENDED 
ADDRESS 


bytes of all the addressable 16-bit words. The 
other bank contains all the lower bytes. When 
a single byte is written (R/W = Low, 

B/W = High), only the bank indicated by 
address bit Ag is enabled for writing. 

For a Z-BUS with 8-bit data, the memory is 
organized as one bank which contains all 
bytes. This bank always inputs and outputs its 
data on ADp-AD7. 


16-BIT Z-BUS DATA PATH 


Figure 3. Byte/Word Memory Organization 


l//O 
Transactions 


Null 
Transactions 


I/O transactions are similar to memory 
transactions with two important differences. 
The first is that I/O transactions take an extra 
clock cycle to allow for slow peripheral oper- 
ation. The second is that byte data (indicated 
by B/W High on a 16-bit bus) is always trans- 


The two kinds of null transactions are dis- 
tinguished by the Status lines: internal oper- 
ation and memory refresh. Both transactions 
look like a memory read transaction except 
that Data Strobe remains High and no data is 
transferred. 

For an internal operation transaction, the 
Address lines contain arbitrary data when 
Address Strobe goes High. This transaction is 
initiated to maintain a minimum transaction 
rate when a bus master is doing a long internal 


mitted on ADj-AD7, regardless of the I/O 
address. (ADg-ADj5 contain arbitrary data in 
this case.) For an I/O transaction, the address 
indicates a peripheral and a particular register 
or function within that peripheral. 


operation (to support memories which generate 
refresh cycles from Address Strobe). 

For a memory refresh transaction, the 
Address lines contain a refresh address when 
Address Strobe goes High. This transaction is 
used to refresh a row of a dynamic memory. 

Any memory or I/O transaction can be sup- 
pressed (effectively turning it into a null trans- 
action) by keeping Data Strobe High through- 
out the transaction. 
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A complete interrupt cycle consists of an 
interrupt request followed by an interrupt- 
acknowledge transaction. The request, which 
consists of INT pulled Low by a peripheral, 
notifies the CPU that an interrupt 1s pending. 
The interrupt-acknowledge transaction, which 
is initiated by the CPU as a result of the 
request, performs two functions: it selects the 
peripheral whose interrupt is to be acknowl- 
edged, and it obtains a vector that identifies 
the selected device and cause of interrupt. 

A peripheral can have one or more sources 
of interrupt. Each interrupt source has three 
bits that control how it generates interrupts. 
These bits are an Interrupt Pending bit (IP), 


Interrupts 
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and Interrupt Enable bit (IE), and an Interrupt 
Under Service bit (IUS). 

A peripheral may also have one or more 
vectors for identifying the source of an inter- 
rupt during an interrupt-acknowledge trans- 
action. Each interrupt source 1s associated with 
one interrupt vector and each interrupt vector 
can have one or more interrupt sources associ- 
ated with it. Each vector has a Vector Includes 
Status bit (VIS) controlling its use. 

Finally, each peripheral has three bits for 
controlling interrupt behavior for the whole 
device. These are a Master Interrupt Enable 
bit (MIE), a Disable Lower Chain bit (DLC), 
and a No Vector bit (NV). 
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Figure 4. Interrupt Connections 
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Peripherals are connected together via an 
interrupt daisy chain formed with their IEI and 
IEO pins (Figure 4). The interrupt sources 
within a device are similarly connected into 
this chain with the overall effect being a daisy 
chain connecting the interrupt sources. The 
daisy chain has two functions: during an 
interrupt-acknowledge transaction, it deter- 
mines which interrupt source 1s being 
acknowledged; at all other times it determines 
which interrupt sources can initiate an inter- 
rupt request. 

Figure 5 is a state diagram for interrupt 
processing for an interrupt source (assuming 
its IE bit is 1). An interrupt source with an 
interrupt pending (IP = 1) makes an interrupt 
request (by pulling INT Low) if, and only uf, 1 
is enabled (IE = 1, MIE= 1), it does not have 
an interrupt under service (IUS = 0), no 
higher priority interrupt is being serviced 
(IEI = High), and no interrupt-acknowledge 
transaction 1s in progress (as indicated by 
INTACK at the last rising edge of AS). IEO is 
not pulled down by the interrupt source at this 
time; [EO continues to follow IEI until an 
interrupt-acknowledge transaction occurs. 

Some time after INT has been pulled Low, 
the CPU initiates an interrupt-acknowledge 
transaction (indicated by INTACK Low). 
Between the rising edge of AS and the falling 
edge of DS, the IEI/IEO daisy chain settles. 
Any interrupt source with an interrupt pending 
(IP = 1, IE = 1, MIE = 1) or under service 
(IUS = 1) holds its IEO line Low; all other 
interrupt sources make IEO follow IE]. When 
DS falls, only the highest priority interrupt 
source with a pending interrupt (IP = 1) has 
its IE] input High, its IE bit set to 1, and its 
IUS bit set to O. This is the interrupt source 
being acknowledged, and at this point it sets 


its IUS bit to 1, and, if the peripheral’s NV bit 
is 0, identifies itself by placing the vector on 
ADop-AD7. If the NV bit is 1, then the periph- 
eral’s ADp — AD? pins remain floating, thus 
allowing external circuitry to supply the vec- 
tor. (All interrupts, including the Z8000’s non- 
vectored interrupt, need a vector for identify- 
ing the source of an interrupt.) If the vector’s 
VIS bit is 1, the vector will also contain status 
information further identifying the source of 
the interrupt. If the VIS bit 1s 0, the vector 
held in the peripheral will be output without 
modification. 

While an interrupt source has an interrupt 
under service (IUS = 1), it prevents all lower 
priority interrupt sources from requesting 
interrupts by forcing IEO Low. When interrupt 
servicing 1s complete, the CPU must reset the 
IUS bit and, in most cases, the IP bit (by 
means of an I/O transaction). 

A peripheral’s Master Interrupt Enable bit 
(MIE) and Disable Lower Chain bit (DLC) can 
modify the behavior of the peripheral's inter- 
rupt sources 1n the following way: if the MIE 
bit is O, the effect 1s as if every Interrupt 
Enable bit (IE) in the peripheral were 0; thus 
all interrupts from the peripheral are disabled. 
If the DLC bit is 1, the effect 1s to force the 
peripheral’s IEO output Low, thus disabling all 
lower priority devices from initiating interrupt 
requests. 

Polling can be done by disabling interrupts 
(using MIE and DLC) and by reading per- 
ipherals to detect pending interrupts. Each 
Z-BUS peripheral has a single directly 
addressable register that can be read to deter- 
mine if there 1s an interrupt pending in the 
device and, 1f so, what interrupt source 
it is from. 
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Figure 5. State Diagram for an Interrupt Source 


Transition Legend 


The peripheral detects an interrupt condition and sets 
Interrupt Pending. 


All higher priority peripherals finish interrupt service, 
thus allowing IEI to go High. 


An interrupt-acknowledge transaction starts, and the 
IEI/IEO daisy chain settles. 


The interrupt-acknowledge transaction terminates with 
the peripheral selected. Interrupt Under Service (IUS) 
is set to 1, and Interrupt Pending (IP) may or may not 
be reset. 


The interrupt-acknowledge transaction terminates with a 
higher priority device having been selected. 


The Interrupt Pending bit 1n the peripheral is reset by 
an I/O operation. 


A new interrupt condition is detected by the penpheral, 
causing IP to be set again. 


Interrupt service is terminated for the peripheral by 
resetting IUS. 


i> IE 1s reset to zero, causing interrupts to be disabled. 
J‘ IE 1s set to one, re-enabling interrupts. 


State Legend 
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IE] [ 


No interrupts are pending or under service for this 
peripheral. 


An interrupt 1s pending, and an interrupt request has 
been made by pulling INT Low. 


An interrupt 1s pending, but no interrupt request has 
been made because a higher priority peripheral has an 
interrupt under service, and this has forced IEI Low. 


An interrupt-acknowledge sequence 1s in progress, and 
no higher priority peripheral has a pending interrupt. 


An interrupt-acknowledge sequence 1s in progress, but 
a higher priority peripheral has a pending interrupt, 
forcing IEI Low. 


The peripheral has an interrupt under service. Service 
may be temporarily suspended (indicated by IEI going 
Low) if a higher priority device generates an interrupt. 


This 1s the same as State 5 except that an interrupt is 
also pending in the peripheral. 


Interrupts are disabled from this source because IE = 0. 


Interrupts are disabled from this source and lower 
priority sources because IE = 0 and IUS = 1. 


1. This diagram assumes MIE = 1. The effect of MIE = 0 1s the 
same as that of setting IE = 0. 

2. The DLC bit does not affect the states of individual interrupt 
sources. Its only effect 1s on the IEO output of a whole peripheral. 


3. Transition I to state 6 or 7 can occur from any state except 3 or 


4 (which only occur during interrupt acknowledge). 


4. Transition J from state 6 or 7 can be to any state except 3 or 4, 


depending on the value of IEI, IP, and IUS. 
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Figure 6. Bus Request Mechanism States 


Bus Requester Legend 


[a eecuesicr does not want bus and 1s not pulling 
BUSREO Low. 


Requester may or may not want bus; it 1s pulling 


BUSREO Low in either case. 


Requester 1s not pulling BUSREQO Low; it it wants 
control of the bus, it must wait for BUSREQ and 
BAI to rise before requesting the bus. 


Requester is either using the bus or propagating 
the Low on its BAI _input. It will stop driving 
BUSREQ when its BAO output goes Low. If it 
wants to use the bus, but did not want to at the 
time BUSREOQO and BAI were last High or BUSREQ 
went from Low _to High, then it must wait for 
BUSREO and BAI to rise before requesting and 
using the bus. 


Requester 1s not pulling BUSREO Low. If it wants 
to use the bus, it must wait for its BAI to become 
High before requesting the bus. 


Requester 1s propagating the High on its BAI 
input. If it wants the bus it will pull BUSREO Low. 


Ze is propagating the High on its BAI 
input. 


iB eetuester is not pulling BUSREO Low. If it wanted 
the bus at the ttme BUSREQ went from Low to 


High, it may request the bus when its BAI input 
rises; otherwise if it wants the bus, it must wait for 


BUSREO to rise. 


Bus State Legend 
fi] The CPU owns the bus and no one 1s requesting 1t. 


[2] A _bus requester has requested the bus by pulling 
BUSREQ Low, but the CPU has nor responded. 


[3] A Low from the CPU’s BUSACK is propagating 
down the BAI/BAO daisy chain. Bus requesters are 
using the bus. 


[4] The Low from BUSACK has propagated to the end 
of the daisy chain causing all bus requesters to 
release BUSREQ, which floats High. The CPU has 
not yet acknowledged return of the bus. 


(5] [5] The CPU acknowledges the High on BUSREO with 
a High on BUSACK, which has propagated down 
the BAI/BAO daisy chain. 


Some device whose BAI input 1s High requests the 
bus by pulling BUSREQ Low. The CPU has not yet 
responded with a Low on BUSACK. 


The CPU has responded to a Low on BUSREO with 
a Low on BUSACK. The previous High state on 
BUSACK is still propagating down the BAI/BAO 
daisy chain. 
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Bus 
Requests 


Transition Legend 


A A bus requester requests the bus by pulling down 
on BUSREQ. 


B The CPU reponds to BUSREO by pulling down 
BUSACK. 


C The Low from BUSACK propagates to the end of 
the BAI/BAO daisy chain, causing all the bus re- 
questers to let BUSREO rise. 


Figure 7 shows how the bus request lines 
connect bus requesters and the CPU ona 
Z-BUS. Figure 8 shows the states of the bus 
request mechanism as the Z-BUS is acquired, 
used, and released. 

To generate transactions on the bus, a bus 
requester must gain control of the bus by 
making a bus request. This is done by pulling 
down BUSREOQ . A bus request can be made in 
either of two cases: 


= BUSREO iis initially High and BAI is High, 
indicating that the bus is controlled by the 
CPU and no other requester is requesting 
the bus. 


@ BAI is High and the requester had wanted 
to request the bus at the time of the last 
Low-to-High transition of BUSREQ . This 
insures that a module will not be locked out 
indefinitely by a higher priority bus 
requester. 


After BUSREQ is pulled Low, the Z-BUS 
CPU relinquishes the bus and indicates this 
condition by making BUSACK Low. The Low 
on BUSACK is propagated through the 
BAI/BAO daisy chain (Figure 7). BAI follows 
BAO for components not requesting the bus, 
and any component requesting the bus holds 
its BAO High, thereby locking out all lower 
priority requesters. A bus requester gains con- 


Z-BUS CPU 


D The CPU responds to BUSREO High by driving 
BUSACK High. 


E The High from BUSREQ propagates to the end of 
the BAI/BAO daisy chain. 


trol of the bus when its BAI input goes Low. 
When it 1s ready to relinquish the bus, it stops 
pulling BUSREO Low and allows BAO to 
follow BAI. This permits lower priority devices 
that made simultaneous requests to gain con- 
trol of the bus. When all simultaneously 
requesting devices have relinquished the bus, 
and the Low on BAI/BAO has propagated to 
the lowest priority requester, BUSREQ goes 
High, returning control of the bus to the CPU. 

The CPU responds to the High on 
BUSREQ by driving BUSACK High. The High 
on BUSACK is propagated down the BAI/BAO 
daisy chain, thus allowing bus requesters to 
make new bus requests. Because high priority 
bus requesters can pull BUSREQ Low before 
low priority devices have a High on BAI, a 
way 1s needed for low priority devices to 
request the bus when BUSREQ is Low. That 1s 
provided by the rule that a requester may 
request the bus if BAI is High and it had 
wanted the bus at the time the last Low-to-High 
transition on BUSREO . 

As soon as BUSREQ is pulled Low by any 
requester, each of the other requesters on the 
bus drives BUSREQ Low and continues to do 
so until it drives its BAO output Low. This pro- 
vides a handshake between the CPU and the 
bus requesters by ensuring that BUSREQ will 
not go High until the CPU's acknowledgement 
of BUSACK has reached every requester. Bus 
requesters can therefore run asynchronously to 
the CPU. This rule also allows the bidirectional 
BUSREOQ line to be buffered using the logic 
shown in Figure 8. This logic 1s similar to the 
logic inside a bus requester that keeps 
BUSREQO Low when it has initially been 
pulled Low by a different requester. 
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Figure 8. Bus Request Line Buffering 
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Resource requests are used to obtain control 
of a resource that is shared between several 
users. The resource can be a common bus, a 
common memory or any other resource. The 
requestor can be any component capable of 
implementing the request protocol. 

Unlike the Z-BUS itself, no component has 
control of a general resource by default; every 
device must acquire the resource before using 
it. All devices sharing the general resource 
drive the MMRO line (Figure 9). When Low, 
the MMRO line indicates that the resource is 
being acquired or used by some device. The 
MMST pin allows each device to observe the 
state of the MMROQ line. 

When MMRO is High, a device may initiate 
a resource request by pulling MMRO Low 
(Figure 10). The resulting Low on MMRQ is 
propagated through the MMAI/MMAO daisy 
chain. If a device is not requesting the 
resource, its MMAO output follows its MMAI 
input. Any device making a resource 
request forces its MMAO output High to deny 
use of the resource to lower priority devices. 

A device gains control of the resource if its 
MMAI input is Low (and its MMAO output is 
High) after a sufficient delay to let the daisy 
chain settle. If the device does not obtain the 
resource after this short delay, it must stop 
pulling MMRQO Low and make another request 
at some later time when MMROQ is again High. 
When a device that has gained control of a 
resource is finished, it releases the resource by 


allowing MMROQ to go High. 


Figure 9. Resource Request Connections 


The four unidirectional lines of the resource 
request chain allow the use of line drivers, 
thus facilitating connection of components 
separated by some distance. In the case of the 
Z8000 CPU, the four resource request lines 
may be mapped into the CPU MI and MO pins 
using the logic shown in Figure 11. With this 
configuration, the Multi-Micro Request Instruc- 
tion (MREQ) performs a resource request. 
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Figure 10. Resource Request Protocol 


1. For any resource requested, this wait time must be less than the 
minimum wait time plus resource usage time of all other 
requesters. 


Figure 11. Bus Request Logic for Z8000 


Test The timing characteristics given 1n this +5 DC 
Conditions document reference 2.0 V as High and 0.8 V ree: oa 

as Low. The following test load circuit 1s 

assumed. The effect of larger capacitive 22x UNDER TEST 

loadings can be calculated by delaying output cana ounpUT 

signal transitions by 10 ns for each additional ia al siise 250 

50 pF of load up to a maximum 200 pF. tT pF | 

Open-Drain Test Load Standard Test Load 

DC The following table states the dc character- components. All voltages are relative to 
Charac- istics for the input and output pins of Z-BUS ground. 
teristics Symbol Parameter Min Max Unit Test Condition 

Vit Input Low Voltage -0.3 0.8 V 

Vin Input High Voltage 2.0 Vec+0.3 V 

VIHRESET Input High Voltage on RESET pin 2.4 Vcc to V 

0.3 

VoL Output Low Voltage 0.4 V Io, = 2.0mA 

Vou Output High Voltage 2.4 V lou = 250pA 

hr Input Leakage Current -10 +10 pA Vin = 0.4 to 2.4 V 

Io. 3-State Output Leakage Current in Float -10 +10 pA Vout = 0.4 to 2.4 V 
Capacitance The following table gives maximum pin Symbol Parameter Max (pF) 

capacitance for Z-BUS components. Capaci- 

tance is specified at a frequency of 1 MHz Cw Input Capacitance 10 

over the temperature range of the component. aes @ it 15 

Unused pins are returned to ground. Cour Sua capae ance 

Cryo Bidirectional Capacitance 15 

Timing The following diagrams and tables give the delays and for signal skew. The timing given 
Diagrams timing for each kind of transaction (except null for memories is a constraint on bus-compatible 


transactions). Timings are given separately for 
bus masters and for peripherals and memories 
and are intended to give the minimum timing 
requirements which a Z-BUS component must 
meet. An individual component will have more 
detailed and sometimes more stringent timing 
specifications. The differences between bus 
master timing and peripheral and memory tim- 
ing allow for buffer and decoding circuit 


memories (like the Z6132 Quasi-Static RAM) 
and is not intended to constrain memory sub- 
systems constructed from conventional com- 
ponents. 

Besides these timings, there is a requirement 
that at least 128 transactions be initiated in any 
2 ms period. This accommodates memories that 
generate refresh cycles from Address Strobe. 
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Parameters 1-25 are common to all transactions. 


I/O Transaction 


Timi CLOCK Pa \ 
WAIT WAIT 
iming SAMPLED CYCLES 
ADDED 
STo-ST3, 
BIW, RIW 
AS 
(38) 
i. (33) 
ADDRESS FROM DATA TO BUS 
ADo-AD15 BUS MASTER MASTER 
DS 
ADo-AD15 DATA FROM BUS MASTER 
. 
Interrupt 
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Acknowledge WAIT ff WAIT 
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488 2031-0240, 0187, 0191 


No. Symbol 

l ToG 

2 TwCh 

S TwCl 

4. TiC 

5—TrC 

6 TdC(S) 

7  TdC(ASr) 

8 TdC(ASf) 

9 TdS(AS) 
10——TwAS 
1] TdDS(S) 
12 TdAS(DS) 
13. TsDR(C) 
14 TdC(DS) 
15— TdDS(AS) 
16 TdC(Az) 
17. TdC(A) 
18 TdA(AS) 
19. TdAS(A) 
20— TwA 
21 ThDR(DS) 


(D 
22 TdDS(A) 


23 TdDS(DW) 


24 TsW(C) 
25-—— Thw(C) 
26 TdAS(W) 


27  TdC(DSR) 
28 TdDSR(DR) 


29. TwDSR 
30-—— TdA(DS) 


31 TdAz(DSR) 
32. TdAS(DR) 


33 TdA(DR) 


34 TdC(DSW) 
——— DS (Write) Low Width: 
Write Data Valid to DS (Write) | Delay 
Write Data Valid to DS (Write) t Delay 


35—TwDSW 


36 TdDW(DSW?f) 
37. TdDW(DSWr) 


38 TdAS(DR) 


39 TdA(DR) 


40— TdAz(DSI 


41 TdC(DSsI) 


42  TdDSI(DR) 


43, TwDSI 
44 TdA(DSI 


45 -—TdDW(DSIf) 
46 TdDW(DSIr) 


47 TdAS(W) 


48 TdAS(DSA) 
49 TdC(DSA) 


51 TwDSA 
52. TdAS(W) 


53. TdDSA(W) 


NOTES 


Parameter 


All Transactions 
Clock Period 
Clock High Width 
Clock Low Width 
Clock Fall Time 
Clock Rise Time 
Clock t to Status Valid Delay 
Clock | to AS t Delay 
Clock ft to AS | Delay 
Status Valid to AS ft Delay 
AS Low Width 
DS | to Status Not Valid Delay 
AS t to DS } Delay 
Read Data to Clock | Setup Time 
Clock | to DS t Delay 
DS t to AS | Delay 
Clock t to Address Float Delay 
Clock 1 to Address Valid Delay 
Address Valid to AS t Delay 
AS t to Address Not Valid Delay 
Address Valid Width 
Read Data to DS t Hold Time 
DS t to Address Active Delay 
DS t to Write Data Not Valid Delay 
WAIT to Clock |} Setup Time 


——— WAIT to Clock | Hold Time 


Memory Transactions 


AS t to WAIT Required Valid 
Clock ! to DS (Read) | Delay 


DS (Read) | to Read Data Required Valid 


DS (Read) Low Width 
Address Valid to DS | Delay 


Address Float to DS (Read) | Delay 


AS t to Read Data Required Valid 


Address Valid to Read Data Required Valid 


Clock | to DS (Write) | Delay 


7 I/O Transactions 
AS t to Read Data Required Valid 


Address Valid to Read Data Required Valid 


Address Float to DS (I/O) | 
Clock | to DS (I/O) | 


DS (I/O) |} to Read Data Required Valid 


DS (I/O) Low Width 

Address Valid to DS (I/O) | Delay 
Write Data to DS (I/O) | Delay 
Write Data to DS (I/O) t Delay 
AS to WAIT Required Valid 


i Interrupt-Acknowledge Transactions 

AS t to DS (Acknowledge) | Delay 

Clock t to DS (Acknowledge) ! Delay 
50-—TdDSA(DR)———DS (Acknowledge) | to Read Data Required Valid 


DS (Acknowledge) Low Width 
AS t to Wait Required Valid 


DS (Acknowledge) } to Wait Required Valid 


1 Timing for extended addresses is CPU dependent, however, 
extended addresses must be valid at least as soon as addresses 
are valid on ADg-AD}5 and must remain valid at least as 
long as addresses are valid on ADg-AD 15 

2 The exact clock cycle that wait 1s sampled on depends on the 
type of transaction, however, wait always has the given setup 
and hold times to the clock 

3 The maximum value for TdAS(DS) does not apply to Interrupt- 
Acknowledge Transactions. 
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70 


65 
100 


90 
120 
200 
250 


360 
410 
95 


610 
660 


120 
330 


340 


120 
455 


840 
185 


6 MHz 


Min Max 
165 2000 
70 
70 
10 
15 
85 
80 
60 
30 
55 
55 
55 
20 
65 
35 
55 
75 
35 
45 
85 
0 
45 
45 
30 
10 
45 
85 
130 
185 
110 
@) 
220 
305 
80 
110 
35 
195 
385 
470 
0 
90 
210 
255 
110 
35 
320 
210 
690 
85 
295 
315 
540 
120 


Notes*T 


4 The setup and hold times for WAIT to the clock must be met. 
If WAIT is generated asychronously to the clock, 1t must be 
synchronized before input to a bus master. 

* Timings are preliminary and subject to change 

t Units in nanoseconds (ns) 

Except where otherwise stated, maximum rise and fall times for 

inputs are 200 ns 
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Memory and 
Peripheral 


Timing 


I/O Transaction 


STo-ST3, 
BIW, RIW 


EXTENDED 
ADDRESS 


ADo-ADi5 


AS 


bs 
(READ) 


Ds 
(WRITE) 


ADo-ADi5 


@) 
XX || AX 
= @) 


DATA TO 


— BUS MASTER 


(5) 
ADDRESS FROM ¥ 
( BUS MASTER # 


(| DATA FROM BUS MASTER 


Parameters 1-12 are common to all transactions. 
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C8014-0183 C8014-0188 C8014-0192 


No. Symbol Parameter 
She ue All Transactions 
1 TsCS(AS) CS to AS t Setup Time 
2  ThCS(AS) CS to AS t Hold Time 
3 TsS(AS) Status to AS t Setup Time 
4  ThS(DS) Status to DS t Hold Time 
5—TsA(AS) Address to AS 1 Setup Time 
6 ThA(AS) Address to AS t Hold Time 
7  TwAs AS Low Width 
8  TdDS(DR) DS ft to Read Data Not Valid Delay 


Se) TdDS(DRz) DS t to Read Data Float Delay 


10—TdAS(DS) AS t to DS | Delay 
11  TdDS(AS) 


12. ThDW(DS) 


DS t to AS | Delay 
Write Data to DS t Hold Time 


Memory Transactions 


13 TdA(DR) Address Required Valid to Read Data Valid Delay 
14  TdAS(DR) AS tf to Read Valid Delay 

15-——TdAz(DSR) ——— Address Float to DS (Read) | Delay 

16 TdDSR(DR) DS (Read) | to Read Data Valid Delay 

17 TwDSR DS (Read) Low Width 

18 TdA(DS) Address to DS | Setup 

19 TwDSW DS (Write) Low Width 


20 TsDW(DSWPf) Write Data to DS (Write) | Setup Time 
21——TsDW(DSWr) —— Write Data to DS (Write) t Setup Time 


I/O Transactions 
Address Required Valid to Read Data Valid Delay 
AS t to Read Data Valid Delay 
DS (I/O) | to Read Data Valid Delay 
25  TdAz(DSI) Address Float to DS (I/O) | Delay 
26 —TdA(DS]I) Address to DS (I/O) | Setup 
27. TwDSI DS (I/O) Low Width 
28 TsRWR(DSI) R/W (Read) to DS (I/O) | Setup Time 
29. TsRWW(DSI) R/W (Write) to DS (I/O) | Setup Time 
30 TsDW(DSIf) Write Data to DS (I/O) | Setup Time 
31  TsDW(DSIr) Write Data to DS (I/O) t Setup Time 
32 —TdAS(W) AS t to WAIT Valid Delay 


22  TdA(DR) 
23  TdAS(DR) 
24 TdDSI(DR) 


30 
460 
195 


Interrupt-Acknowledge Transactions 


33. TsIA(AS) INTACK to AS ft Setup Time 

34 ThIA(AS) INTACK to AS t Hold Time 

35. TdAS(DSA) AS t to DS (Acknowledge) ! Delay 

36 TdDSA(DR) DS (Acknowledge) | to Read Delay Valid Delay 


37 — TwDSA————— DS (Acknowledge) Low Width 

38. =TdAS(IEO) AS |! to IEO | Delay 

39. Td EI{(IEO) IEI to IEO Delay 

40 = TslIEI(DSA) IEI to DS (Acknowledge) | Setup Time 
NOTES. 

1 Parameter does not apply to Interrupt Acknowledge Trans- 


0 
250 
940 
365 
475 


570 
520 
250 


actions. separating them in the daisy chain. 


2. Does not cover R/W for I/O Transactions. __ 
3. Apples only to a peripheral which 1s pulling INT Low at the 
beginning of the Interrupt Acknowledge Transaction. 


4 These parameters are device dependent. The parameters for the t Units in nanoseconds (ns) 


devices in any particular daisy chain must meet the following 
constraint for any two peripherals in the daisy chain, inputs are 200 ns. 
TdAS(DSA) must be greater than the sum of TdAS(IEO) for the 


209 
170 


80 


420 
335 
180 


higher priority peripheral, and TdIEIf(IEO) for each peripheral 
5 The maximum value for TdAS(DS) does not apply to Interrupt 
Acknowledge Transactions. 


* Timings are preliminary and subject to change. 


Except where otherwise stated, maximum rise and fall times for 


Notes*t 
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ZBI 
Z-BUS Backplane 
Interconnect System 


Product 


BS | 
Zilog Description 
June 1982 
Features @ The bus structure for the 80's @ Designed-in reliability 
™@ Compatible with the Z-BUS Component O Byte-oriented parity and parity error line 

Interconnect system O High reliability pin and socket connectors 
@ Designed for the powerful Zilog Family of C Distributed ground lines 

Microprocessors 3 High Ae at 

igh-current power distribution 
9 28 CPU as ae 
erminated bus lines 
O Z80 CPU ane 
CO Z8000 CPU | EXTENDED | 
1 I 
O Future microprocessors 
@ Flexibility in application se acacia roa 
280 
O 8-, 16- or 32-bit operations 28000 — ft 
Ol Unsegmented, segmented, or memory If IT 
mapped systems 
m Future growth Z-BUS BACKPLANE INTERCONNECT 
O Allows 32-bit operations 
O 5-bit status field 
EXPANSION PERIPHERAL Te) ACCESSORIES 
MEMORY CONTROLLERS 
Description The Z-BUS Backplane Interconnect (ZBI) puter bus structures, the ZBI bus is compatible 
system 1s a high performance, application- with the Z-BUS Component Interconnect (ZCI) 
oriented system bus designed to utilize the full system used for communications at the chip 
capabilities of all Zilog microprocessors—the level between Zilog processors and their 
Z8, Z80 and Z8000. peripheral support modules. 

Thirty-two address/data lines coupled with Reliability has been designed into the ZBI 
twenty-eight control lines provide the structure: parity lines have been included; 
resources needed for growth paths to future, ground lines are distributed between signals to 
more complex 32-bit microprocessors. reduce noise; and all bus lines are terminated. 

A member of the Z-BUS family of microcom- 

Functional Mechanical Configuration. The ZBI bus is .100” (2.54 mm) centers which are aligned in 3 
Description | defined for three sizes of modular boards. The rows of 32 pins each. A molded plastic housing 
single size modules measure 6.3” x 3.9” (160 surrounds the pin array, providing mechanical 
mm X 100 mm). The double size boards are rigidity and protecting the pins from 
6.3" x 9.2” (160 mm x 233.4 mm), and the mechanical damage. 
double extended size measure 11.0” x 9.2” The backplanes use a similar style of mating 
(280 mm X 233.4 mm). All ZBI boards are connector. These connectors are highly 
consistent with the standard European form reliable because connection surfaces are com- 
factor. pletely enclosed and shielded from dirt and 

The single size boards have a single bus dust when the connectors are mated. Another 
connector while the double boards have two advantage of this connector is its high density 
connectors. which permits the design of compact boards. 

The connector has a matrix of 96 pins on In addition, the connectors are self-aligning 

1003 001 493 


Functional and keyed to prevent improper insertion. with double boards. The second connector on 
Description All of the signals on the double boards are the double boards is unspecified and available 
(Continued) assigned to one connector so that single for use by the designer. 
boards can be used in the same backplane 
en =e os 
DOUBLE 
Sane. EXTENDED 
[S00 el $< ssareo | 
ee 
Figure 2. The ZBI backplane accepts two sizes of boards; both are compatible with 
European standards. The dimensions are in inches (upper) and millimeters (lower). 
Signal The ZBI consists of 96 lines: 32 bidirectional and 1s used as a master timing reference; the bus clock 
Description address/data lines with four parity lines, nine 1s derived from the master. 


interrupt lines, 28 control lines, 21 power- 
supply lines for +12 V, +5 V and ground and 
two reserve lines. The pin layout was defined 
to provide the most convenient connection 
from the board and the backplane, with signals 
collected into logical groups for placement on 
the connector. 


Address and Data. The address/data group is 
laid out to enable the lines to enter the board 
in order on both two-layer and four-layer 
boards. Low-order lines are placed next to the 
power pins for easier routing through buffers. 
The high-order address/data pins are posi- 
tioned near the control pins to facilitate 
decoding of the state of the bus. Address and 
data information is transmitted over 32 bidirec- 
tional lines with separate address and data 
strobe lines arbitrating the information flow. 
The use of shared address/data lines enables a 
compact connection while still allowing 32-bit 
word sizes. 

Word size is controlled by two lines that 
indicate the data width of the current opera- 
tion on the bus, making possible 8-bit, 16-bit 
and 32-bit word transfers in the same system. 
Data is aligned in the lower byte (ADop-AD7) of 
the data field for 8-bit transfers, and the lower 
word (ADo-ADjs) for 16-bit transfers. 

The ZBI includes four parity lines and an 
error-indication line to detect errors in 
memory devices and transmissions on the bus. 
One parity bit 1s provided for each byte of the 
32-bit address/data field, enabling parity- 
checking at both the byte and word levels. 


Control Signals. The ZBI bus has 28 lines that 
are used for bus control and status, grouped 
into the following categories: 


@ Clocking. Two lnes provide a master clock and a bus 
clock. The master clock supplies a constant frequency 


@ Extended processor architectures. Two lines enable the 
CPU to interact with an Extended Processor Unit. 


@ Resource sharing. Three lines enable processors to 
lock other processors off the bus. This 1s a software 
implementation, and all processors must be aware of 
these signals for the lockout to be effective. 


M@ Direct memory access. Three lines provide the control 
signals required for data to be transmitted in burst 
mode across the bus. When a DMA device wants to 
transmit information, it issues a request that causes the 
processor to get off the bus. Once off the bus, the pro- 
cessor issues an acknowledge signal indicating that the 
bus 1s free. The DMA device then begins transferring 
data to the specified address. When the transfer 1s com- 
plete, the processor regains use of the bus. 


@ Multiprocessor. Four lines enable multiple processors 
to share a common bus. (Arbitration logic to prevent 
contention errors must be included on each module.) 


M@ Data/Address Strobe. Two lines indicate whether 
address or data information 1s on the address/data lines. 


M Status. Five lines designate the kind of transaction 
occurring on the bus. 


@ Wora-size select. Two lines determine the word size of 
the transaction on the bus. 


Interrupts. The ZBI bus has three independent 
interrupt groups. Each group has an interrupt 
request line and an interrupt enable input and 
output daisy chain. A different priority level is 
assigned to each of the three interrupt groups 
and position-dependent priority is assigned to 
each device within the groups. 

The treatment of the interrupt signal is 
processor-dependent and can be maskable, 
non-maskable, vectored, or non-vectored 
depending upon the configuration of the 
system CPU. 


Bus Conditioning. All bus lines are ter- 
minated in resistor pairs to provide the highest 
integrity and best noise immunity for the 
system. This forces all undriven lines to 
approximately +3 V. 
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Signal Table 1 defines the signals necessary to the NAME1/NAME2: a doubly named line, 
Definition ZBI structure. High/Low logic levels 
All signals, with the exception of the data The abbreviations used to describe signal 
and address lines, are negative true signals, ty 
pes are: 
where logical 1 = < 0.5 V and logical . 
O = > +2.4V. Any exception to this stan- BD: Bidirectional data lines 
dard is noted in the table. Naming conventions TS: 3-state, undirectional lines 
are as follows: OC: Open collector 
NAME: a single line, negative-true logic level HC: Highiccurrent driver line) not 3:siate 
NAME: a single line, positive-true logic level DC. Daisy-chained signalOUT Gn one Board 
NAME<0.3>: 4 lines, positive-true logic level connects to IN of the next board 
Signal Number Signal 
Name of Lines Type Function 
Address and Data Group 
AD<0:31> 32 BD Address and Data Lines. Address and data information 1s tyme-multiplexed onto 
these lines. The times they are valid are defined by address strobe (AS) and data 
strobe (DS). Additional information can be derived from the BCLK signal for syn- 
chronous operation. 
Parity Group 
P<0:3> 4 BD Parity-Check Bits. For bus transfer integrity, one parity bit is provided for each 
byte of the 32-bit address/data bus Even parity ensures that a read from a non- 
existent resource will generate a parity fault. 
PE l OG Parity Error. Indicates to the Bus Master that a parity error in a data transfer on 
the bus has been caught by the parity check logic. 
Interrupt Group 
INT] ] OC Level 1 Interrupts. Highest priority interrupt in the system. If a non-maskable 
interrupt is present, 1t must be here. 
INT2 ] OCG Level 2 Interrupt. Second highest priority interrupt in the system. Ii a vectored 
interrupt 1s present, 1t must be here. 
INT3 ] OC Level 3 Interrupt. Lowest priority interrupt in the system. If a non-vectored inter- 
rupt is present, 1t must be here. 
TEI] 1 DC Level 1 Interrupt Enable In 
TEO] ] DC Level 1 Interrupt Enable Out 
IEI2 ] DC Level 2 Interrupt Enable In 
IEO2 1 DC Level 2 Interrupt Enable Out 
IEI3 ] DC Level 3 Interrupt Enable In 
IEO3 ] DC Level 3 Interrupt Enable Out 
Control Group 
PWRBAD l OC Power Bad. An early warning signal that the dc power for the system will soon 
disappear. This signal 1s generated by the power supply to give the processor 
enough time to store the machine state (1f appropriate storage 1s available) before 
power drops below critical levels. 
Clocking 
MCLK I HC Master Clock. System master clock—16 to 32 MHz. Frequency 1s a 4X multiple of 
the desired bus clock frequency. 
BCLK ] HC Bus Clock. Bus transaction clock, derived from Master Clock and used by all syn- 


Extended Processing Architecture 
N/S ] Is 


STOP ] OC 


Address/ Data Strobes 
AS l TS 


DS 1 Ys 


chronous elements 1n the system. 


Normal/System. Indicates the mode oi the CPU controlung Uie bue—Nermal user 
mode or System mode (able to execute privileged instructions) 


Stop Line. Stop the processor in control of the bus for synchronization of activities 
with the CPU. 


Address Strobe. Indicates that the AD lines contain a valid eddress. The AS lune 1s 
pulsed low by a board controlling the transaction for program or aata memory 
access. Addresses are valid at the trailing (rising) edge ot AS. 


Data Strobe. Data is placed on or accepted from the AD bus lines when DS 1s low. 


Table 1. Signal Definitions 


Signal Number Signal 


Name of Lines Type Function 

Status 

ST<0:4> 5 1S Status Lines. These lines designate the type of transaction occurring on the bus. 

Sa S3 Se S; So Transaction 
O 0 0 0 QO Internal Operation O 1 0 1 0 DataMem <> EPU 
O 0 0 0 1 Memory Refresh transfer 
O 0 0 1 0 IO Reference O 10 1 1 ~~ Stack Mem <> EPU 
0 0 0 1 1. Special I/O transfer 

Reference O 1 1 0 OQ Prog Ref - nth cycle 
0 0 1 0 0 Segment Trap Ack O 1 1 0 1. Prog Ref - Ist cycle 
QO O 1 O 1 Intl Interrupt Ack O 1 1 1 0 EPU <> CPU 
O O 1 1 QO Int2 Interrupt Ack transfer 
O O 1 1 1  Int3 Interrupt Ack O 1 1 1 =#1~ Reserved 
O 1 0 0 0. Data Memory 1 X X X X_ Reserved 

Request 
O 1 0 0 1° Stack Memory 

Request 

Word Size Select Soe 

B/W ] TS Byte/Word Select. Used in conjunction with W/LW to define data access width. 

W/LW ] Ts Word/Long Word Select. Used in conjunction with B/W to define the data access 
width. (A logical 1] is a high voltage level.) 

B/W W/LW Access Width 
] l Byte (8-bit)—Data on AD <0:7> 
0 ] Word (16-bit)—Data on AD <0:15> 
l 0 Double Word (32-bit)—Data on AD <0:31> 
0 0 Reserved 

Resource Sharing 

MMREQ ] OC Multimicro Request. This is a software request to another processor for software 
synchronization. 

MMAI ] DC Multimicro Acknowledge In. Forms the logical chain among processors to per- 
form software arbitration, in conjunction with the MMAOsignal. The effect of this 
line 1s dependent on the software present on the processor board. 

MMAO ] DC Multimicro Acknowledge Out. Completes the logical chain to the next processor's 
MMAI pin. 

Direct Memory Access 

BAI ] DC Bus Acknowledge In From Priority Chain. This signal and BAOform the bus 
priority chain. 

BAO ] DC Bus Acknowledge Out to Priority Chain. Completes the circuit to the next device 
in the bus priority chain. 

BUSREQ ] OC Bus Request. Used to request access to the bus. A request to a processor to relin- 
quish the bus at the end of the current instruction cycle. This signal is used with 
the BAI and BAO signals to control bus sharing by DMA devices not able to 
become bus masters. 

Multiprocessor Control 

CAI l DC CPU Acknowledge In. 

CAO ] DC CPU Acknowledge Out. 

CPUREQ ] DC CPU Request. A request to the processor currently in control of the bus to relin- 


guish control at the end of the current instruction cycle. This signal 1s used with 
CAI, CAO, and CAVAIL to control sharing of the bus by devices able to become 


bus masters. 


CAVAIL ] ES CPU Available. Used in conjunction with CAI and CAO to transfer bus control 
from one bus master to another. 


Miscellaneous Control Lines 


RESET ] OC Reset. Connected to the master reset switch and power-up reset circuit. 

WAIT ] OC Wait. Causes a processor or peripheral to wait for the response to a request for 
data. Such a wait could be caused by slow memory or by refresh contention 
problems. 

R/W l TS Read/Write. If this line 1s high, the current operation 1s a read; if low, a write. 


Table 1. Signal Definitions (continued) 
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Advanced Architectural 
Features of the 
Z8000 CPU 


Ye Tutorial 
Lj 
Zilog Information 
June 1982 
Introduction The Zilog Z8000 CPU microprocessor is a instructions and data capabilities. 
major advance in microcomputer architecture. Before discussing these features in more 
It offers many minicomputer and mainframe detail, a word about nomenclature is in order. 
features for the first time in a microprocessor The term Z8000 refers to the concept and 
chip. This tutorial describes the Z8000 CPU architecture of a family of parts. Zilog has 
with emphasis placed on those features that set adopted the typical conductor industry 4-digit 
it apart from its microprocessor predecessors. designation for Z8000 Family parts, while also 
For a detailed description of all Z8000 CPU keeping the traditional 3-letter acronym that 
features, consult the Zilog publications listed proved so popular for the Z-80 Family. Thus, 
in the bibliography at the end of this tutorial. the 48-pin version of the Z8000 CPU is called 
The features to be discussed are grouped the Z8001 CPU; the 40-pin version is known as 
into four areas: CPU organization, handling of the Z8002 CPU. 
interrupts and traps, use of memory, and new 
CPU The Z8000 CPU is organized around a index. When the third index is needed, it must 
Organization general-purpose register file (Figure 1). The be swapped into an index register. In contrast, 


register file is a group of registers, any one 
of which can be used as an accumulator, 
index register, memory pointer, stack pointer, 
etc. The only exception is Register 0, as 
explained later. 

Flexibility is the major advantage of a 
general-purpose register organization over an 
organization that dedicates particular registers 
to each function. Computation-oriented 
routines can use general registers as 
accumulators for intermediate results whereas 
data manipulation routines can use these 
registers for memory pointers. 

Dedicated registers, however, have a disad- 
vantage: when more registers of a given type 
are needed than are supplied by the machine, 
the performance degrades by the extra instruc- 
tions to swap registers and memory locations. 
For example, a processor with two index 
registers suffers when three are needed 
because a temporary variable in memory (or in 
another register) must be used for the third 


on a general-register machine three of the 
registers could be dedicated for index use. In 
addition, since the need for index registers 
may vary over the course of a program, a 
general-register architecture, such as the 
Z8000, can be adapted to the changing needs 
of the computation with respect to the number 
of accumulators, memory pointers and index 
registers. Thus flexibility results in increased 
performance and ease of use. 

In addition, the registers of the Z8000 are 
organized to process 8-bit bytes, 16-bit words, 
32-bit long words and 64-bit quadruple words. 
This readily accommodates applications that 
process data of variable sizes as well as dif- 
ferent tasks that require different data sizes. 

Although all registers can—in general—be 
used for any purpose, certain instructions such 
as Subroutine Call and String Translation 
make use of specific registers in the general 
register file, and this must be taken into 
account when these instructions are used. 
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Figure 1. CPU Organization 
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CPU The Z8000 CPU also contains a number of the Refresh Counter. These registers are 


Organization special-purpose registers in addition to the accessible through software and provide some 
(Continued) general-purpose ones. These include the Pro- of the interesting features of Z8000 CPU 
gram Counter, Program Status registers and architecture. 
RRO RRO 
Rt Ri 
RQ0 RQO 
ren | 5 (Sea eae a 
RR2 RR2 
| ra To 3 ns Ra 
RR4 | RR4 | 
R5 RHS5 ' RL5 RS RH5 t RLS 
RQ4 RQ4 
RR6 RR6 
R7 RH7 RL7 R7 RH7 ' RL7 
| Oe [i ee | 3) A 
RRS RRS 
le ee ee Be et ell 
RQS8 RQ8 
_——S _ ———— 
RR10 RR10 
BUN (eee ee ee eee ea a | 
0 ee | 8 (ae ee el) 
RR12 | RR12 | 
hl RQ12 ol. ee RQ12 
ARIA se 
Bie. RIS 
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Figure 2. Z8001 General Purpose Registers Figure 3. Z8002 General Purpose Registers 
Register All general-purpose registers can be used as Register Long Quadruple 
Organization accumulators, and all but one as index Designator Byte Word Word Word 

registers or memory pointers. The one register nooo RHO RO BRO ROO 
that cannot be used as an index register is 
Register 0. Specifying Register 0 1s used as an aa BHI HI 
escape mechanism to change the address mode 0010 RH2 R2 RR2 
from IR to IM, from X to DA, or—with Load 0011 RH3 R3 
instructions—from BA to RA. This has been 
done so that the two addressing mode bits in ote a me ne ROA 
the instruction can specify more than four 0101 RHS RS 
addressing modes for the same opcode. 0110 RH6 R6 RR6 

The Z8000 CPU register tile can be Oni? RH7 R7 
addressed in several groupings: as sixteen 
byte registers (occupying the upper halt of the 1000 RLO R8 RRS ROB 
file only), as sixteen word registers, as eight 1001 RL1 RQ 
long-word registers, as four quadruple-word 1010 RL2 R10 RR10 
registers, or as a mixture of these. Instructions 1011 RL3 Rll 
either explicitly or implicitly specify the type 
of register. Table | illustrates the cor- 1100 RL4 R12 RR12 ROQ12 
respondence between the 4-bit source and ie ee RLS R13 
destination register fields in the instruction 1110 RLG R14 RR14 
(Figure 4) and the location of the registers in llll RLI RIS 
the register file (Figures 2 and 3). 

Table 1 
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Register 


Note that the byte register-addressing 


Organization sequence (most significant bit distinguishes 


(Continued) 


between the two bytes in a word register) 1s 
different from the memory addressing 
sequence (least significant bit distinguishes 
between the two bytes in a word). Long-word 
(32-bit) and quadruple-word (64-bit) registers 
are addressed by the binary number of their 
starting word registers (most significant word). 
For example, RR6 1s addressed by a binary 6 
and occupies word registers 6 and 7. 


eat | MODE | OPCODE Bw] SOURCE | DESTINATION 
LONG WORD | MODE | OPCODE SOURCE DESTINATION 


MODE 
REGISTER 


4 
IMMEDIATE 0 7 
DIRECT 0 | FoR souRCE = 0 60 0 
0 
0 


0 
0 
1 
INDIRECT 0 
1 


| FOR SOURCE #0 0 0 0 


Figure 4. Instruction Format 


System/ 


The Z8000 CPU can run in one of two 


Normal Mode modes: System or Normal. In System Mode, 


of Operation 


all of the instructions can be executed and all 
of the CPU registers can be accessed. This 
mode is intended for use by programs that per- 
form operating system type functions. In Nor- 
mal Mode, some instructions, such as I/O 
instructions, are not all allowed, and the con- 
trol registers of the CPU are inaccessible. In 
general, this mode of operation is intended for 
use by application programs. This separation 
of CPU resources promotes the integrity of the 
system since programs operating in Normal 
Mode cannot access those aspects of the CPU 
which deal with time-dependent or system 
interface events. 

Normal Mode programs that have errors can 
always reproduce those errors for debug- 
ging purposes by simply re-executing the pro- 
grams with their original data. Programs using 
facilities available only in System Mode may 
have errors due to timing considerations (e.g., 


based on the frequency of disk requests and 
disk arm position) that are harder to debug 
because these errors are not easily repro- 
duced. Thus a preferred method of program 
development would be to partition the task into 
that portion which can be performed without 
recourse to resources accessible only in 
System Mode (which will usually be the bulk of 
the task) and that portion requiring System 
Mode resources. The classic example of this 
partitioning comes from current minicomputer 
and mainframe systems: the operating system 
runs in System Mode and the individual users 
write their programs to run in Normal Mode. 

To further support the System/Normal Mode 
dichotomy, there are two copies of the stack 
pointer—one for the System Mode and another 
for Normal. Although the stacks are separated, 
it is possible to access the normal stack 
registers while in the System Mode by using 
the LDCTL instruction. 


Status Lines 


The Z8000 CPU outputs status information 
over its four status lines (STo-ST3) and the 
System/Normal line (S/N). This information can 
be used to extend the addressing range or to 
protect accesses to certain portions of memory. 
The types of status information and their codes 
are listed in Table 2. 

Status conditions are mutually exclusive and 
can, therefore, be encoded without penalty. 
Most status definitions are self-explanatory. 
One code is reserved for future enhancements 
of the Z8000 Family. 

Extension of the addressing range is accom- 
plished in a Z8000 system by allocating 
physical memory to specific usage (program 
vs. data space, for example) and using exter- 
nal circuitry to monitor the status lines and 
select the appropriate memory space for each 
address. For example, the direct addressing 
range of the Z8002 CPU is limited to 64K 


bytes; however, a system can be configured 


with 128K bytes if additional logic is used, 
say, to select the lower 64K bytes for program 
references and the upper 64K bytes for data 
references. 


ST35-STp Definition 

0000 Internal operation 

0001 Memory refresh 

0010 I/O reference 

0011 Special I/O reference 

0100 Segment trap acknowledge 

0101 Non-maskable interrupt acknowledge 
0110 Non-vectored interrupt acknowledge 
0111 Vectored interrupt acknowledge 
1000 Data memory request 

1001 Stack memory request 

1010 Data memory request (EPU) 

1011 Stack memory request (EPU) 

1100 Instruction space access 

1101 Instruction fetch, first word 

1110 Extension processor transfer 

l1lll Reserved 


Table 2 
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Status Lines 
(Continued) 


Refresh 


Protection of memory by access types 18 
accomplished similarly. The memory is divided 
into blocks of locations and associated with 
each block is a set of legal status signals. For 
each access to the memory, the external circuit 
checks whether the CPU status 1s appropriate 
for the memory reference. The Z8010 Memory 
Management Unit is an example of an external 
memory-protection circuit, and it is discussed 
later in this tutorial. 

The first word 1n an instruction fetch has its 


The idea of incorporating the Refresh 
Counter in the CPU was pioneered by the 
Z-80 CPU, which performs a refresh access 1n 
a normally unused time slot after each opcode 
fetch. The Z8000 is more straightforward (each 
refresh has its own memory-access time slot of 
three clock cycles), and 1s more versatile (the 
refresh rate is programmable and capable of 
being disabled altogether). 

The Refresh Register contains a 9-bit Row 
Counter, a 6-bit Rate Counter and an Enable 
Bit (Figure 5). The row section 1s output on 
ADo-ADg during a refresh cycle. The Z8000 
CPU uses word-organized memory, wherein Ao 
is only employed to distinguish between the 
lower and upper bytes within a word during 
reading or writing bytes. Ap therefore plays no 
role in refresh—it 1s always 0. The Row 
Counter is—at least conceptually—always 
incremented by two whenever the rate counter 
passes through zero. The Row Counter cycles 
through 256 addresses on lines AD|-ADg, 
which satisfies older and current 64- and 
128-row addressing schemes, and can also be 
used with 256-row refresh schemes for 
64K RAMs. 

The Rate Counter determines the time 
between successive refreshes. It consists of a 
programmable 6-bit modulo-n prescaler 


own dedicated status code, namely 1101. This 
allows the synchronization of external circuits 
to the CPU. During all subsequent fetch cycles 
within the same instruction (remember, the 
longest instruction requires a total of four word 
fetches), the status 1s changed from 1101 to 
1100. Load Relative and Store Relative also 
have a status of 1100 with the data reference, 
so information can be moved from program 
space to data space. 


(n = 1 to 64), driven at one-fourth the CPU 
clock rate. The refresh period can be pro- 
grammed from | to 64 ps with a 4 MHz clock. 
A value of zero in the counter field indicates 
the maximum time between refreshes; a value 
of n indicates that refresh 1s to be performed 
every 4n clock cycles. Refresh can be disabled 
by programming the Refresh Enable Bit to 

be zero. 

A memory refresh occurs as soon as possible 
after the indicated time has elapsed. Gener- 
ally, this means after the T3 clock cycle of an 
instruction 1f an instruction execution has com- 
menced. When the CPU does not have control 
of the bus (during the bus-request/bus- 
acknowledge sequence, for example), it cannot 
issue refresh commands. Instead, it has inter- 
nal circuitry to record “missed” refreshes; 
when the CPU regains control of the bus it 
immediately issues the “missed” refresh cycles. 
The Z8001 and Z8002 CPU can record up to 
two “missed” refresh cycles. 


Figure 5. Refresh Counter 


Instruction 
Prefetch 
(Pipelining) 


Most instructions conclude with two or three 
clock cycles being devoted to internal CPU 
operations. For such instructions, the sub- 
sequent instruction-fetch machine cycle is 
overlapped with the concluding operations, 
thereby improving performance by two or 
three clock cycles per instruction. 

Examples of instructions for which the sub- 
sequent instruction 1s fetched while they com- 
plete are Arithmetic and Shift instructions. 


Some instructions for which the overlap is 
logically impossible are the Jump instructions 
(because the following instruction location has 
not been determined until the instruction com- 
pletes). Some instructions for which overlap is 
physically impossible are the Memory Load 
instructions (because the memory is busy with 
the current instruction and cannot service the 
fetch of the succeeding instruction). 
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Extended 
Instruction 
Facility 


S02 


The Z8000 architecture has a mechanism for 
extending the basic instruction set through the 
use of external devices. Special opcodes have 
been set aside to implement this feature. When 
the CPU encounters instructions with these 
opcodes in its instruction stream, it will per- 
form any indicated address calculation and 
data transfer, but otherwise treat the “extended 
instruction” as being executed by the external 
device. Fields have been set aside in these 
extended instructions which can be interpreted 
by external devices (called Extended Process- 
ing Units—EPUs) as opcodes. Thus by using 
appropriate EPUs, the instruction set of the 
Z8000 can be extended to include specialized 
instructions. 

In general, an EPU is dedicated to perform- 
ing complex and time consuming tasks in 
order to unburden the CPU. Typical tasks 
suitable for specialized EPUs include floating- 
point arithmetic, data base search and 
maintenance operations, network interfaces, 
graphics support operations—a complete list 
would include most areas of computing. EPUs 
are generally designed to perform their tasks 
on data resident in their internal registers. 
Moving information into and out of the EPU's 
internal registers, as well as instructing the 
EPU as to what operations are to be per- 
formed, is the responsibility of the CPU. 

For the Z8000 CPU, control of the EPUs 
takes the following form. The Z8000 CPU 
fetches instructions, calculates the 
addresses of operands residing in memory, 
and controls the movement of data to and 
from memory. An EPU monitors this activity on 
the CPU’s AD lines. If the instructions fetched 
by the CPU are extended instructions, all 
EPUs and the CPU latch the instruction (there 
may be several different EPUs controlled by 
one CPU). If the instruction is to be executed 
by a particular EPU, both the CPU and the 
indicated EPU will be involved in executing 
the instruction. 

If the extended instruction indicates a 
transfer of data between the EPU’s internal 
registers and the main memory, the CPU will 
calculate the memory address and generate 
the appropriate timing signals (AS, DS, 
MREQ, etc.), but the data transfer itself is 
between the memory and the EPU (over the 


AD lines). If a transfer of data between the 
CPU and EPU is indicated, the sender places 
the data on the AD lines and the receiver 
reads the AD lines during the next clock 
period. 

If the extended instruction indicates an 
internal operation to be performed by the EPU, 
the EPU begins execution of that task and the 
CPU is free to continue on to the next instruc- 
tion. Processing then proceeds simultaneously 
on both the CPU and the EPU until a second 
extended instruction is encountered that is 
destined for the same EPU (if more than one 
EPU is in the system, all can be operating 
simultaneously and independently). If an 
extended instruction specifies an EPU still 
executing a previous extended instruction, the 
EPU can suspend instruction fetching by the 
Z8000 CPU until it is ready to accept the next 
extended instruction: the mechanism for this is 
the STOP line, which suspends CPU activity 
during the instruction fetch cycle. 

There are four types of extended instructions 
in the Z8000 CPU instruction repertoire: EPU 
internal operations; data transfers between 
memory and EPU; data transfers between EPU 
and CPU; and data transfer between EPU flag 
registers and CPU flag and control word. The 
last type is useful when the program must 
branch based on conditions determined by the 
EPU. Six opcodes are dedicated to extended 
instructions: OE, OF, 4E, 4F, 8E and 8F (in 
hexadecimal). The action taken by the CPU 
upon encountering these instructions is depen- 
dent upon an EPU control bit in the CPU's 
FCW. When this bit 1s set, it indicates that the 
system configuration includes EPUs; therefore, 
the instruction is executed. If this bit is clear, 
the CPU traps (extended instruction trap), so 
that a trap handler in software can emulate the 
desired operation. 

In conclusion, the major features of this 
capability are, that multiple EPUs can be 
operating in parallel with the CPU, that the 
five main CPU addressing modes (Register, 
Immediate, Indirect Register, Direct Address, 
Indexed) are available in accessing data for 
the EPU; that each EPU can have more than 
256 different instructions; and that data types 
manipulated by extended instructions can be 
up to 16 words long. 
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Program The Program Status Information consists of Control Bits. The control bits occupy the 
Status the Flag And Control Word (FCW) and the upper byte in the FCW. They are loaded and 
Information Program Counter (PC). The Z8000 CPU uses read by the LDCTL instruction, which is 
one byte in FCW to store flags and another privileged in that it can be executed only in 
byte to store control bits. the System Mode. The control bits are: 
Arithmetic Flags. Flags occupy the low byte NVIE Non-Vectored Interrupt Enable 
in the FCW and are loaded, read, set and VIE Vectored Interrupt Enable 
reset by the special instruction LDCTLB, 
RESFLG and SETFLG. The flags are: S/N System or Normal Mode 
Cc Carry SEG Segmented Mode Enable (Z8001 only) 
Z Tae The SEG bit is always 0 in the Z8002 even if 
the programmer attempts to set it. In the 
S Sign a = negative; two's complement Z8001, a 1 in this bit indicates segmented 
notation is used for all arithmetic on operation. A 0 in the Z8001 SEG bit forces 
data elements) non-segmented operation and the CPU inter- 
P/V Even Parity or Overflow (the same bit is prets all code as non-segmented. Thus, the 
shared) Z8001 can execute modules of user code 
D Decimal Adjust (differentiates between developed for the non-segmented 28002. 
addition and subtraction) 
H Half Carry (from the low-order nibble) 
Interrupt The Z8000 provides a powerful interrupt and (non-maskable, vectored and non-vectored), 
and Trap trap structure. Interrupts are external asyn- three internal traps (system call, unimple- 
Structure chronous events requiring CPU attention, and mented instruction, privileged instruction) and 
are generally triggered by peripherals needing a segmentation trap. The vectored and non- 
service. Traps are synchronous events vectored interrupts are maskable. 
resulting from the execution of certain instruc- The descending order of priority for traps 
tions. Both are processed in a similar manner and interrupts is: internal traps, non-maskable 
by the CPU. interrupts, segmentation trap, vectored inter- 
The CPU supports three types of interrupts rupts and non-vectored interrupts. 
Effects of The Flag and Control Word and the Pro- The Program Status Area Pointer (PSAP) 
Interrupts gram Counter are collectively called the Pro- specifies the beginning of the Program Status 
on Program = gram Status Information—a useful grouping Area. In the Z8002, the PSAP is stored in one 
Status because both the FCW and PC are affected by word, the lower byte of which is zero. The 


interrupts and traps. When an interrupt or trap 
occurs, the CPU automatically switches to the 
System Mode and saves the Program Status 
plus an identifier word on the system stack. 
The identifier supplies the reason for the inter- 
rupt. (The Z8002 pushes three words on the 
stack; the Z8001 pushes four words.) 

After the pre-interrupt or “old” Program 
Status has been stored, the “new” Program 
Status is automatically loaded into the FCW 
and PC. This new Program Status Information 
is obtained from a specified location in 
memory, called the Program Status Area. 

The Z8000 CPU allows the location of the 
Program Status Area anywhere in the address- 
able memory space, although it must be 
aligned to a 256-byte boundary. Because the 
Status Line code is 1100 (program reference) 
when the new Program Status is loaded, the 
Program Status must be located in program 
memory space if the memory uses this attribute 
(for example, when using the Z8010 Memory 
Management Unit or when separate memory 
modules are used for program and for data). 


Z8001, however, stores its PSAP in two words. 
The first contains the segment number and the 
second contains the offset, the lower byte of 
which is again zero. The PSAP is loaded and 
read by the LDCTL instruction. 

In the Z8002, the first 14 words (28 bytes) of 
the Program Status Area contain the Program 
Status Information for the following interrupt 
conditions: 


Location 

(In Bytes) Condition 

0-3 Not used (reserved for future use) 

4-7 Unimplemented instruction has 
been fetched, causing a trap 

8-1] Privileged instruction has been 
fetched in Normal Mode, causing a 
trap 

12-15 System Call instruction 

16-19 Not used 

20-23 Non-maskable interrupt 

24-27 Non-vectored interrupt 
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Effects of 
Interrupts 
on Program 
Status 
(Continued) 


Bytes 28-29 contain the FCW that is com- 
mon to all vectored interrupts. Subsequent 
locations contain the vector jump table (new 
PC for vectored interrupts). These locations 
are addressed in the following way: the 8-bit 
vector that the interrupting device has put on 
the lower byte of the Address/Data bus 
(ADo-AD7) is doubled and added to 
PSAP + 30. Thus, 


Vector 0 addresses PSAP + 30, 
Vector 1 addresses PSAP + 32, and 
Vector 255 addresses PSAP + 540. 


In the segmented Z8001, the first 28 words of 
the Program Status Area (56 bytes) contain the 
Program Status Information (reserved word, 
FCW, segment number, offset), for the follow- 
ing interrupt conditions: 


Location 

(In bytes) Condition 

0-7 Not used (reserved for future use) 

8-15 Unimplemented instruction has 
been fetched causing a trap 

16-23 Privileged instruction has been 
fetched in Normal Mode causing 
a trap 

24-3] System Call instruction 

32-39 Segmentation trap (memory viola- 
tion detected by the Z8010 Memory 
Management Unit) 

40-47 Non-maskable interrupt 

48-55 Non-vectored interrupt 


Bytes 56-59 contain the reserved word and 
FCW common to all vectored interrupts. 
Subsequent locations contain the vector jump 
table (the new segment number and offset for 
all vectored interrupts). These locations are 
addressed in the following way: the 8-bit vec- 
tor that the interrupting device has put on the 
lower byte of the Address/Data bus (ADop-AD7) 
is doubled and added to PSAP + 60. Thus, 


Vector 0 addresses PSAP + 60, 
Vector 2 addresses PSAP + 64, and 
Vector 254 addresses PSAP + 568. 


Care must be exercised in allocating vector 
locations to interrupting devices; always use 
even vectors. Thus there are effectively only 
128 entries in the vector jump table. (Figure 6 
illustrates the Program Status Area.) 


9 28001 OFFSET 
RESERVED (IN BYTES) 
UNIMPLEMENTED | ° 
INSTRUCTION 
PRIVILEGED " 
INSTRUCTION 


SYSTEM CALL 
INSTRUCTION 


Z8002 OFFSET 
(IN BYTES) 


SEGMENT TRAP 32 
(UNUSED FOR z8002) 


NONMASKABLE | 40 
INTERRUPT 


- NON VEcToRED | 48 
INTERRUPT 


VECTORED INT 56 


NEW PC 60 


eaeened | 


NEW PC 


540 570 


VECTORED 
INTERRUPT 
JUMP TABLE 


Figure 6. Program Status Area 
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Z8000 CPU 
Memory 
Features 


The way a processor addresses and manages 
its memory is an important aspect in both the 
evaluation of the processor and the design of a 
computer system that uses the processor. Z8000 
architecture provides a consistent memory 
address notation in combining bytes into words 
and words into long words. All three data 
types are supported for operands 1n the Z8000 
instruction set. I/O data can be either byte- or 
word-oriented. 

The Z8001 CPU provides a segmented 
addressing space with 23-bit addressing. The 
Z8010 Memory Management Unit can increase 
the address range of this processor. To support 
a memory management system, the Z8001 pro- 
cessor generates Processor Status Information. 


These signals are also generated by the Z8002 
CPU and—as mentioned earlier—can be used 
to increase the address range of this processor 
beyond its nominal 64K byte limit. It 1s not 
necessary to use a Z8010 Memory Management 
Unit with a Z8001. The segment number (upper 
six bits of the address) can be used directly by 
the memory system as part of the absolute 
address. 

These issues are discussed in more detail in 
the following sections, along with a descrip- 
tion of the method used to encode certain 
segmented addresses into one word. A brief 
comment on the use of 16K Dynamic RAMs 
with the Z8001 concludes this group of sections 
that deal with Z8000 CPU memory features. 


Address 
Notation 
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In the Z8000 CPU, memory and I/O 
addresses are always byte addresses. Words or 
long words are addressed by the address of 
their most significant byte (Figure 7). Words 
always start on even addresses (Ag = 0), so 
both bytes of a word can be accessed simul- 
taneously. Long words also start on even 
addresses. 

Within a word, the upper (or more signifi- 
cant) byte is addressed by the lower (and 
always even) address. Similarly, within a long 
word, the upper (more significant) word is 
addressed by the lower address. Note that this 
format differs from the PDP-11 but is identical 
to the IBM convention. 

There 1s good reason for choosing this for- 
mat. Because the Z8000 CPU can operate on 
32-bit long words and also on byte and word 
strings, it 1s important to maintain a continuity 
of order when words are concatenated into 
long words and strings. Making ascending 
addresses proceed from the highest byte of the 
first word to the lowest byte of the last word 
maintains this continuity, and allows compar- 


ing and sorting of byte and word strings. 

Bit labeling within a byte does not follow this 
order. The least significant bit in a byte, word 
or long word is called Bit 0 and occurs in the 
byte with the highest memory address. This is 
consistent with the convention where bit n 
corresponds to position 2" in the conventional 
binary notation. This ordering of bit numbers 
is also followed in the registers. 


LONG WORD 
ADDRESSES 


—— 


0000 0000 0000 
0001 


0010 0010 0010 
0011 
0100 
0101 


0110 0110 0110 
0111 
1000 | 4000 [ 


1000 
1001 
CONTENTS OF BYTE 0100 = “02” 
CONTENTS OF WORD 0100 = “02AB” 
CONTENTS OF LONG WORD 0100 = “O2AB2BFF” 
CONTENTS OF LONG WORD 0010 = “C23502AB” 


WORD BYTE 
ADDRESSES ADDRESSES MEMORY 


0100 0100 


Figure 7. Memory Addressing 
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Memory 
and I/O 
Addressing 


Like most 16-bit microprocessors, the Z8000 
CPU uses a 16-bit parallel data bus between 
the CPU and memory or I/O. The CPU is 
capable of reading or writing a 16-bit word 
with every access. Words are always addressed 
with even addresses (Ag = Q). All instructions 
are words or multiple words. 

The Z8000 CPU can, however, also read and 
write 8-bit bytes, so memory and I/O addresses 
are always expressed in bytes. The Byte/Word 
(B/W) output indicates whether a byte or word 
is addressed (High = byte). Ag distinguishes 
between the upper and lower byte 1n memory 
or I/O. The most significant byte of the word is 
addressed when Ap 1s Low (Figure 8). 

For word operations in both the read and 
write modes, B/W = Low, Ag is simply 


WORD 
ADDRESS 


DECODE 


ignored and A)-Aj)5 address the memory or 
I/O. For byte operations in the read mode, 
B/W = High, Apo is again ignored, and a 
whole word (both bytes) is read, but the CPU 
internally selects the appropriate byte. For 
byte operations in the write mode, the CPU 
outputs identical information on both the Low 
(ADg-AD7) and the High (ADg-AD}s) bytes of 
the Address/Data bus. External TTL logic must 
be used to enable writing in one memory byte 
and disable writing in the other byte, as 
defined by Ag. The replication of byte informa- 
tion for writes is for the current implementation 
and may change for subsequent Z8000 CPUs; 
therefore system designs should not depend 
upon this feature. 


16-BIT BUS DATA PATH 


Ds D7 Do 


Figure 8. Byte/Word Selection 


Segmentation 


In organizing memory, segmentation is a 
powerful and useful technique because it forms 
a natural way of dividing an address space into 
different functional areas. A program typically 
partitions its available memory into disjointed 
areas for particular uses. Examples of this are 
storing the procedure instructions, holding its 
Global variables, or serving as a buffer area 
for processing large, disk-resident data bases. 
The requirements for these different areas may 
differ, and the areas themselves may be 
needed only part of the time. 

Segmentation reflects this use of memory by 
allowing a user to employ a different segment 
for each different area. A memory manage- 
ment system can then be employed to provide 
system support, such as swapping segments 
from disk to primary memory as requested (as 
in overlays), or in monitoring memory accesses 
and allowing only certain types of accesses to 


a particular segment. Thus, dealing with 
segments is a convenient way of specifying 
portions of a large address space. 

When segmentation is combined with an 
address translation mechanism to provide 
relocation capability, the advantages of 
segmentation are enhanced. Now segments can 
be of variable user-specifiable sizes and 
located anywhere in memory. 

The Z8001 generates 23-bit logical 
addresses, consisting of a 7-bit segment 
number and a 16-bit offset. Thus each of its six 
memory address spaces consists of 128 seg- 
ments, and each segment can be up to 64K 
bytes. Different routines of a program can 
reside in different segments, and different data 
sets can reside in different segments. The 
Z8010 Memory Management Unit translates 
these logical addresses into physical-memory 
locations. 
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Long Offset 
and Short 
Offset 
Addressing 


Using the 
Z8010 Mem- 
ory Manage- 
ment Unit 


When a segmented address is stored in 
memory or in a register, it occupies two 
16-bit words as previously described for the 
PC and PSAP. This is a consequence of the 
large addressing range. When a segmented 
address is part of an instruction in the Direct 
Address and Indexed Address Modes, there 
are two representations: Long and Short Offset 
addressing. 

In the general unrestricted case of Long Off- 
set, the segmented address occupies two 
words, as described before. The most signifi- 


cant bit in the segment word is a 1 in this case. 


The Short Offset Mode squeezes the segment 
number and offset into one word, saving pro- 


The Z8001 CPU can be combined with 
another 48-pin LSI device—the Z8010 MMU— 
for sophisticated memory management. The 
MMU provides address translation from the 
logical addresses generated by the Z8001 CPU 
to the physical addresses used by the memory. 
An address translation table, containing start- 
ing addresses and size information for each of 
the 64 segments, is stored in the MMU. The 
translation table can be written and read by 
the CPU using Special I/O instructions. The 
MMU thus provides address relocation under 
software control, making software addresses 
(i.e., logical addresses) independent of the 
physical memory addresses. 

But the MMU provides much more than 
address relocation; it also monitors and pro- 
tects memory access. The MMU provides a 
Trap input to the CPU and—if necessary—an 
inhibit signal (SUP) to the memory write logic 
when specific memory-access violations occur. 
The MMU provides the following types of 
memory protection: 


m Accesses outside the segment’s alloted 
memory can be prevented. 


m Any segment can be declared invalid or 
non-accessable to the CPU. 


@ Segments can be declared Read Only. 


m By designating a segment as System Only, 
access can be prohibited during the Normal 
Mode. 


m Declaring a segment Execute Only means 1t 
can be accessed only during instruction 
access cycles. Data or stack use is pro- 
hibited. 


m Any segment can be excluded from DMA 
access. 


m Segments can have a Direction And Write 
Warning attribute, which generates a trap 
when a write access 1s made in the last 256 
bytes of its size. This mechanism can be 
used to prevent stack overflow. 


gram size and execution time. Since 23 bits 
obviously don’t fit into a 16-bit word, the 8 
most significant bits of the offset are omitted 
and implied to be zero. The most significant 
bit of the address word 1s made 0 to indicate 
Short Offset Mode. Short Offset addresses are 
thus limited to the first 256 bytes at the begin- 
ning of each segment. This may appear to be a 
severe restriction, but it is very useful, 
especially in the Index Mode, where the index 
register can always supply the full 16-bit range 
of the offset. Short Offset saves one instruction 
word and speeds up execution by two clock 
cycles in Direct Address Mode and three clock 
cycles in Indexed Mode. 


Multiple MMUs must be used when more 
than 64 segments are needed. Thus, to support 
the full complement of 128 segment numbers 
provided for each Z8001 CPU address space, 
two MMUs are required. The MMU has been 
designed for multiple-chip configurations, both 
to support 128-segment translation tables and 
to support multiple translation table systems. 

Note that the memory management features 
do not interfere with the ability to directly 
address the entire memory space. Once pro- 
grammed, the MMU (or MMUs) translates and 
monitors any memory address generated by 
the CPU. 

The MMU contains status bits that describe 
the history of each segment. One bit for each 
segment indicates whether the segment has 
been accessed; another bit indicates whether 
the segment has been written. This 1s important 
for certain memory management schemes. For 
example, the MMU indicates which segments 
have been updated and, therefore, must be 
saved on disk before the memory can be used 
by another program. 

When translating logical addresses to phys- 
ical memory addresses, the MMU must do the 
following: access its internal 64 x 32-bit RAM, 
using the segment number as the address, then 
add the 16 bits of RAM output to the most 
significant address byte (ADg-AD})s) and final- 
ly place the result on its Address outputs. The 
least significant byte (ADp-AD7) bypasses the 
MMU. 

The internal RAM access time 1s approxi- 
mately 150 ns. Throughput delay 1s avoided by 
making the segment number available early: 
SNo-SN7 are output one clock period earlier 
than the address information on ADo-AD7. 

In summary, the Z8000 CPU supports 
sophisticated memory management through 
such architectural features as the Status Lines, 
the R/W and S/N lines, Segment Trap input 
line, and early output of segment numbers. 
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Using 16K Z8000 systems usually implement most of requires that RAS must wait for the availability 
Dynamic their memory with 16K x 1-bit dynamic RAMs of the most significant address bits from the 
RAMs with that have time-multiplexed addresses (Zilog MMU. During refresh, the RAS decoder must 
the Z8001 also manufactures this device—the Z6116). be changed to activate all memories 
In Z8001-based systems with MMUs, CPU simultaneously. 
Address/Data lines AD,|-AD7 supply row Gating CAS does not achieve lower power 
addresses, MMU address outputs Ag-Aj4 sup- consumption; however, this technique allows 
ply column addresses, and MMU outputs the use of slower memories because RAS can 
Ajs-A23 are decoded to generate Chip Select be activated as soon as the CPU address out- 
signals that gate either RAS or CAS or both. puts are stable, without waiting for the MMU 
Gating RAS reduces power consumption delay. Also, there is no need to change the 
because all non-selected memories remain CAS decoder during refresh. 
in the standby mode. But this technique 

Data Types The Z8000 architecture directly supports duces a number of powerful instructions that 

and bits, digits, bytes, and 16- or 32-bit integers as extend the capabilities of microprocessors. The 

Instructions primitive operands in its instruction set. In remaining sections of this paper describe 
addition, the rich set of addressing modes sup- Z8000 data types, addressing modes, and a 
ports higher-level data constructs such as selection of novel instructions. 
arrays, lists and records. The Z8000 also intro- 

Data Types Operands are 1, 4, 8, 16, 32, or 64 bits, as operate on 8-, 16-, or 32-bit operands; Multi- 
specified by the instruction. In addition, ply instructions can operate on 16- or 32-bit 
strings of 8- or 16-bit data can be manipulated multiplicands; and Divide instructions can 
by single instructions. Of particular interest operate on 32- or 64-bit dividends. The Shift 
are the increased precisions of the arithmetic instructions can operate on 8-, 16-, and 32-bit 
instructions. Add and Subtract instructions can registers. 

Addressing The rich variety of addressing modes offered is useful, for example, in accessing fields 

Modes by Z8000 architecture includes: Register, within a record whose format is fixed at com- 


Immediate, Indirect Register, Direct Address, 
Index, Relative Address, Base Address, and 
Base Index. Three are of particular interest 
with respect to high-level data structures: 
Indirect Register, Base Address, and Base 
Index. These modes can be used for lists, 
records, and arrays, respectively. 


Indirect Register. In this addressing mode, 
the contents of the register are used as a 
memory address. This mode is needed 
whenever special address arithmetic must be 
performed to reference data. Essentially, the 
address is calculated in a register and then 
used to fetch the data. For example, this mode 
is useful when manipulating a linked list, 
where each entry contains a memory pointer to 
the memory location of the next entry. Essen- 
tially, the pointer is loaded into a register and 
used to access the next item on the list. When 
the list item is large or has a complex struc- 
ture, the Base Address or Base Index Modes 
can be used to access various components of 
the item. 


Base Address. In this addressing mode, the 
memory address contained in the register (the 
base) is modified by a displacement in the 
instruction (known at compile time). This mode 


pile time. 


Base Index. The memory address in this 
addressing mode is contained in a register (the 
base) and is modified by the contents of 
another register (the index). This mode can be 
useful in accessing the components of an 
array, because the index of the component is 
usually calculated during execution time—as a 
function of the index of a DO-Loop, for 
example. 


Index vs. Base Address. In the Z8002 and in 
the Z8001 running non-segmented, these two 
addressing modes are functionally equivalent, 
because the base address and displacement 
are both 16-bit values. 

When the Z8001 runs segmented, there is a 
difference: in the Index mode, the base 
address (including the segment number) 1s 
contained in the instruction, in either Short 
Offset or Long Offset notation. The 16-bit dis- 
placement stored in a register 1s then added to 
the offset in the base address to calculate the 
effective address. In the Base Address Mode, 
on the other hand, the 16-bit displacement is 
specified in the instruction and is added to the 
offset of the base address that is stored in a 
long-word register. 


The Instruc- 
tion Set 


The Z8000 offers an abundant instruction set 
that represents a major advance over its 
predecessors. The Load and Exchange instruc- 
tions have been expanded to support operating 
system functions and conversion of existing 
microprocessor programs. The usual Arith- 
metic instructions can now deal with higher- 
precision operands, and hardware Multiply 
and Divide instructions have been added. The 
Bit Manipulation instructions can access a 
calculated bit position within a byte or word, 
as well as specify the position statically in the 
instruction. 

The Rotate and Shift instructions are con- 
siderably more flexible than those in previous 
microprocessors. The String instructions are 
useful in translating between different 
character codes. Special I/O instructions are 
included to manage peripheral devices, such 
as the Memory Management Unit, that do not 
respond to regular I/O commands. Multiple- 
processor configurations are supported by 
special instructions. 

The following instructions exemplify the 
innovative nature of the Z8000 instruction set. 
A complete list of Z8000 instructions can be 
found in the reference materials listed at the 
end of this tutorial. 


Load and Exchange Instructions. 

Exchange Byte (EX) is practical for converting 
Z-80, 8080, 6800 and other microprocessor 
programs into Z8000 code, because the Z8000 
uses the opposite assignment of odd/even 
addresses 1n 16-bit words. 


Load Multiple (LDM) saves n registers and is 
useful for switching tasks. 


Load Relative (LDR) loads fixed values from 


program space into data space. 


Arithmetic Instructions. 

Add With Carry and Subtract With Carry 
(ADC, SBC) are conventionally used in 8-bit 
microprocessors for multiprecision arithmetic 
operations. These instructions are rarely used 
with the Z8000 CPU because it has 16- and 
32-bit arithmetic instructions. 


Decrement By N and Increment By N (DEC, 
INC) are intended for address and pointer 
manipulation, but can also be used for Quick 
Add/Subtract Immediate with 4-bit nibbles. 
The flag setting is different from Add/Subtract 
instructions—as is conventional—in that the 
Carry .and Decimal adjust flags are unaffected 
by the Increment and Decrement instructions 
to support multiple precision arithmetic. 


Decimal Adjust (DAB) automatically generates 
the proper 2-digit BCD result after a byte Add 
or Subtract operation, and eliminates the need 
for special decimal arithmetic instructions. 


Multiply (MULT) provides signed (two's com- 
plement) multiplication of two words, generat- 
ing a long-word result; or of two long-words 
generating a quadruple word result. No byte 
multiply exists because it 1s rarely used and, 
after sign extension, can be performed by a 
word multiply. 


Divide (DIV) provides signed (two’s comple- 
ment) division of a long word by another word, 
generating a word quotient and a remainder 
word; or of one quadruple-word by a long- 
word, generating a long-word quotient and 
long-word remainder. 

Both Multiply and Divide use a conforming 
register assignment. That is, a multiply fol- 
lowed by a divide on the same registers 1s 
essentially a no-op. The register designation 
used in the operation description must be even 
for word operations and must be a multiple of 
four for long-word operations. 


Logical Instructions. 

Test Condition Code (TCC) performs the same 
test as a Jump instruction, but affects the least 
significant bit of a specified register instead of 
changing the PC. 


Program Control Instructions. 
Call Relative (CALR) is a shorter, faster ver- 
sion of Call, but with a limited range. 


Decrement And Jump If Non-Zero (DJNZ) is a 
one-word basic looping instruction. 


Jump Relative (JR) is a shorter, faster version 
of Jump, but with a limited range. 


Bit Manipulation Instructions. 

Test Bit, Reset Bit, Set Bit (BIT, RES, SET) are 
available in two forms: static and dynamic. For 
the static form, any bit (the position is defined 
in the immediate word of the instruction) 
located in any byte or word in any register or 
in memory can be set, reset or tested (inverted 
and routed into the Z flag). 

For the dynamic form, any bit (the position 
is defined by the content of a register that is, 
in turn, specified in the instruction) located in 
any byte or word in any register, but not in 
memory, can be set, reset or tested. 


Test And Set (TSET) is a read/modify/write 
instruction normally used to create operating 
system locks. The most significant bit of a byte 
or word in a register or in memory is routed 
into the S flag bit and the whole byte or word 
is then set to all 1s. During this instruction, the 
processor does not relinquish the bus. 


Test Multi-Micro Bit and Multi-Micro 
Request/Set/Reset (MBIT, MREQ, MSET, 
MRES) are used to synchronize the access by 
multiple microprocessors to a shared resource, 
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The Instruc- 


such as a common memory, bus, or I/O 


TRIB, except they repeat automatically until 


tion Set device. the contents of the length register become 
(Continued) Note that the instruction MREO (Multi- zero. They are therefore useful in straightfor- 
Microprocessor Request) has nothing what- ward translation applications. 
enln am fee Te MREQ (Memory Translate And Test, Decrement/Increment 
equest) output from the 28000 CPU. (TRTDB, TRTIB) tests a character according to 
the contents of the translation table. 
gitar ciara meatus t shif Translate And Test, Decrement/Increment And 
eee ese Coe ci eebors at Repeat (TRTDRB, TRTIRB) scans a string of 
instructions that shift any combination of bytes dhanactora: The AlvehcharaGiewis tected and 
or words, right or left, arithmetically or logic- depending on the contents of the translation 
ally, by any meaningful number of positions as table, the process stops or skips to the next 
specified either in the instruction (static) or in character. Stopped characters can be used for 
a register (dynamic). further processin 
The CPU also has a smaller repertoire of sf 7 
rotate instructions that rotates bytes or words, ; ; 
either right or left, through carry or not, and I/O and Special I/O Instructions. 
by one bit or by two bits. | The 28000 CPU has two complete sets of I/O 
The instructions Rotate Digit Left and Rotate instructions: Standard I/O and Special l/ O. 
Digit Right (RLDB, RRDB) rotate 4-bit BCD The only difference is the status information on 
digits right or left, and are used in BCD arith- the STo-ST3 outputs. Standard I/O instructions 
metic operations. are used to communicate with Z-Bus compat- 
ible peripherals. Special I/O instructions are 
typically used for communicating with the 
Block Transfer and String Manipulation Memon: Management Unit 2 
Instructions. B ee 
oth types of instructions transfer 8 or 16 
Translate And Decrement/Increment (TRDB, bits en es a type of 16-bit addressing 
TRIB) is used for code conversion, such as analogous to the Z8002 memory-addressing 
ASCII to EBCDIC. These instructions translate scheme: For word operations, Ao is always 
a byte string in memory by substituting one zero; in byte-input operations, Ag is used 
gee its table-lookup lea pane internally by the CPU to select the appropriate 
a execute one operation Kak eon byte; in byte-output operations, the byte is 
ment the contents of the length register; thus duplicated in the high and low bytes of the 
they re useful gs sia loop performing address/data bus, and external logic uses Ag 
several actions on each character. to enable the appropriate output device. 
Translate, Decrement/Increment and Repeat 
(TRDRB, TRIRB) are the same as TRDB and 
Biliog- Selected Publications on the Z8000 Family Z8000 PLZ/ASM Assembly Language 
raphy 2Z8001/Z8002 CPU Product Specification Programming Manual (03-3055-01) 
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Introduction The declining cost of memory, coupled with m Preventing one user from unauthorized 
the increasing power of microprocessors, has access to memory resources or data 
accelerated the trend in microcomputer m Protecting the operating system from unex- 
systems to the use of high-level languages, pected access by the users. 
sophisticated operating systems, complex pro- 
grams and large data bases. The Z8001 micro- The Z8010 provides all these features plus 
processor supports these advances by offering additional features that permit a variety of 
multiple 8M byte address spaces as well as a system hardware configurations and system 
rich and powerful instruction set. The Z8010 designs. 
Memory Management Umt (MMU) supports the This paper examines the various uses of 
Z8001 processor in the efficient and flexible memory management in computer systems and 
use of its large address space. how memory management techniques gen- 
Support for managing a large memory can erally meet these requirements. The major 
take many forms: features of the Z8010 MMU illustrate how 
b a 
@ Providing a logical structure to the memory miernOF mane cine nt tunciions can 2e UP 
ported by hardware. A few examples demon- 
space that is largely independent of the 
strate how this LSI circuit can be used to 
actual physical location of the data : 
configure several different memory man- 
@ Protecting the user from inadvertent agement systems. 
mistakes such as attempting to execute data 
Motivations The primary memory of a computer is one of procedure or as complex as a set of related 
for Memory its major resources. As such, the management routines.) If the population of memory-resident 
Management of this resource becomes a major concern as tasks can vary over time, a useful feature of a 


demands on it increase. These demands can 
arise from different sources, three of which are 
of interest in the present context. The first 
stems from multiple users (or multiple tasks 
within a dedicated application) contending for 
a limited amount of physical memory. The 
second comes from the desire to increase the 
integrity of the system by limiting access to 
various portions of the memory. The final 
source arises from issues surrounding the 
development of large, complex programs or 
systems. Each of these three sources involves a 
multifaceted group of related issues. 

When multiple tasks constitute a given 
system (for example, multiple users of a system 
or multiple sub-tasks of a dedicated applica- 
tion), the possibility exists that not all tasks 
may be in primary memory at the same time. 
(A task is the action of executing a program on 
its data; a task may be as simple as a single 


system would be the ability for a task to recide 
anywhere 1n memory, and perhaps in several 
different locations during its hfetime. Such 
tasks are called relocatable, and a system in 
which all tasks are relocatable generally offers 
greater flexibility in responding to changing 
system environments than a system in which 
each task must reside in a fixed location. 

A second issue that arises in multi-task 
environments is that of sharing. Separate tasks 
may execute the same program on different 
data, and may therefore share common code. 
For example, several users compiling FOR- 
TRAN programs may wish to share the com- 
piler rather than each user having a separate 
copy in memory. Alternatively, several tasks 
may wish to execute different programs using 
the same data as input, and 1t may be possible 
for these tasks to access the same copy of the 
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input. For example, a user may wish to print a 
PASCAL program while it is being compiled; 
the print process and the compiler process 
could access the same copy of the text file. 

A third issue in multi-task systems is protect- 
ing one task from unwanted interactions with 
another. The classic example of unwanted 
interaction is one user’s unauthorized reading 
of another user’s data. Prohibiting all such 
interactions conflicts with the goal of sharing 
and so this issue is usually one of selectively 
prohibiting certain types of interactions. The 
issue of protecting memory resources from 
unauthorized access is usually included in the 
larger set of issues relating to system integrity. 

System integrity takes many forms 1n addi- 
tion to protecting a task’s data from unwanted 
access. Another aspect is preventing user tasks 
from performing operating system functions 
and thereby interrupting the orderly dispatch 
of these tasks. For example, most large systems 
prevent a user task from directly initiating I/O 
operations because this can disrupt the correct 
functioning of the system. 

Another aspect of separating users from 
system functions relates to separating system 
I/O transfers from user tasks, especially with 
respect to error conditions. For example, an 
error during a direct memory access, say to a 
nonexistant memory location, should not cause 
an error in the program that 1s currently 
executing. 

A final example of increasing the system 
integrity is protecting a user task from itself. 
Obvious errors, such as trying to execute data 
or overflowing an area set aside for a stack, 
can be detected while a program is executing 
and handled appropriately, provided the 
system is given sufficient information. 

The notion of protecting an executing task 
from performing certain types of actions known 
to be erroneous introduces a third general 
motivation for memory management, namely 
support for the design and correct implementa- 
tion of large, complex programs and systems. 


Protecting a task from itself obviously helps in 
debugging a large program, but there are 
other system features that can aid in develop- 
ing complex systems. Modern methodology for 


developing large systems dictates partitioning 
a task into a number of small, simple, self- 


contained sub-tasks with well defined inter- 
faces. Each sub-task generally interacts with 
only a few other sub-tasks and this communica- 
tion is carefully controlled. This methodology 
promotes a systems design that can be readily 
modified, but it also tends to promote the crea- 
tion of a large number of nearly independent 
sub-tasks and many data structures accessible 
to only one or a few of these sub-tasks. 
Because modern systems are increasingly 
driven to support many interacting tasks, 
possibly written and compiled separately, they 
must also enforce some communication pro- 
tocol without sacrificing efficient operation. 
Modern memory management systems can 
offer effective tools for implementing large 
systems designed using this methodology. 

In summary, the major goals of memory 
management systems are to: 


m@ Provide flexible and efficient allocation of 
memory resources during the execution of 
tasks 


@ Support multiple, independent tasks that 
can share access to common resources 


m Provide protection from unauthorized or 
unintentional access to data or other 
memory resources 


@ Detect obviously incorrect use of memory by 
an executing task 


m™ Separate users from system functions. 


Most of today’s memory management systems 
support these functions to some degree. The 
extent of this support is largely a question of 
resources to be devoted to these functions and 
the understood demands of the intended 
applications for these systems. 


The Funda- 
mentals of 
Memory 
Management 


Memory management has two functions: 
the allocation and the protection of memory. 
Dynamic relocation of tasks during their 
execution 1s accomplished by an address 
translation mechanism. The restriction of 
memory access is accomplished by memory 
attribute checking. Both operations occur with 
each memory request during the execution of a 
program and both are transparent to the user. 

Address translation simply means treating 
the memory addresses generated by the pro- 
gram as logical addresses to be interpreted or 
translated into actual physical memory loca- 
tions before dispatching the memory access 
requests to the memory unit. Memory attribute 
checking means that each area of memory has 
associated with it information as to who can 


access it and what types of access can be made 
by each task. Each memory reference 1s 
checked to insure that the task has the right to 
access that location 1n the given fashion (for 
example, to read the contents of the location or 
to write data to that location). 

Instead of a linear address space, more 
elaborate memory management systems have a 
hierarchical structure in which the memory 
consists of a collection of memory areas, called 
segments. Access to this structured memory 
requires the specification of a segment and an 
offset within that segment. Thus, instead of 
specifying memory location 1050 in a linear 
address space, a task specifices memory loca- 
tion 5 in segment number 23, tor example. 
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Generally, segments can be of variable size, 
within limits, and a user can specify the size of 
each segment to be used. Thus one user may 
have two segments of two thousand and ten 
thousand words for his FORTRAN program and 
data, respectively, while another user might 
have three segments of three thousand, six 
thousand and two thousand words for her 
PASCAL program, data, and run-time stack. If 
the first user called his data segment number 
5, then the first word 1n his data set would be 
accessed by the logical address (5,0) indicat- 
ing segment 5, offset 0. The memory man- 
agement system translates this symbolic name 
into the correct physical memory address. 

Figure 1 gives a conceptual realization of 
these two users’ logical program spaces. The 
first user, User A, has his program segment 
called “Segment 6” and his data segment 
called ‘Segment 5." The second user, User B, 
has her program segment called “Segment 5,” 
her data segment called “Segment 12” and her 
stack segment called “Segment 2.” Notice that 
both users have named one of their segments 
“Segment 5,” but they refer to different enti- 
ties. This causes no problem since the system 
keeps the two memory areas separate. The 
situation is analogous to both users having an 
integer variable called “I” in their programs: 
The system realizes that these are two separate 
variables stored in different memory locations. 

User A’s data segment, “Segment 5,” 1s ten 
thousand words. If he references word 10,050 
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Figure 1. Two User's Logical Address Space 


of Segment 5 he gets an error message from 
the system indicating that he has exceeded the 
allocation limit for Segment 5. Note that he 
does not access word 50 of Segment 6. That is, 
segments are logically distinct and unordered. 
A reference to one segment cannot inadvert- 
ently result in access to another segment. 
Thus, in this example, User A is prevented 
from accidentally (or deliberately) accessing 
his program as though it were part of his data 
segment. 

Figure 2 illustrates one way that these 
segments could be arranged in the physical 
memory. The dotted lines indicate the 
memory-mapping function from the logical 
address space of the user to the physi- 
cal memory locations allocated to him. 

The figure also indicates the access attri- 
butes associated with each user’s segments. 
For example, program segments are “exe- 
cute only’’ and data segments are “read/ 
write.’ Thus a user is prevented from exe- 
cuting a data segment or writing into a 
code segment. 
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Figure 2. Mapping Logical Segments to Physical Memory 
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Figure 3 illustrates what happens when 
both users have access to the same data 
set in primary memory, say the results of a 
questionnaire that both intend to analyze. 
Each user has a logical name associated 
with that data set to specify the segment in 
which the data set is to reside. Note that the 
two users have chosen to put the data set in 
different segments of their personal address 
spaces. The system-mapping function trans- 
lates these different segment names to the 
same physical memory locations. Thus User 
A's access to address (2, 17) references the 
same physical memory location as User B’s 
access to address (7, 17). In the figure, note 
that two of B’s segments have been moved in 
physical memory to create a space large 
enough to hold the questionnaire data. 

Another topic in memory management that is 
supported by Z8001-Z8010 architecture but 
requires additional support hardware is 
demand swapping, or segmented virtual 
memory, which means that the logical memory 
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area may not actually reside in physical 
memory until a task actually tries to access it. 
At the time an access is made to a segment 
missing from physical memory, the instruction 
execution 1s held in abeyance until the logical 
memory can be brought into the physical 
memory and then the instruction is allowed to 
proceed with the memory access. The address 
translation 1s performed, access protection is 
checked and the instruction proceeds as if the 
logical memory area had been in the physical 
memory at the beginning of the instruction. 
The instructions in the Z8001 must run to com- 
pletion before the CPU can perform any 
action, such as responding to a missing seg- 
ment trap. But with the conjunction of hard- 
ware and software to simulate the above func- 
tions, a segmented virtual memory scheme can 
be implemented. 

A final topic in memory management 1s 
paging, which is another method for partition- 
ing a user address space and mapping it onto 
the physical memory. Paging 1s most effective 
when demand swapping can be supported. 
Essentially, paging divides the logical memory 
into fixed-size blocks, called pages. Like 
segments, the individual pages can be located 
anywhere in the physical memory and a 
translation mechanism maps logical addresses 
to physical memory locations. There are two 
differences between paging and segmenting a 
logical memory. First, pages are of fixed size 
whereas segments are of various sizes. Second, 
under paging, the logical memory is still 
linear, that is, a task accesses memory using a 
single number, rather than a pair as in 
segmentation. The major advantage of paging 
is in treating memory as blocks of fixed sizes, 
which simplifies allocating memory to users 
and deciding where to place the logical pages 
in physical memory. The major disadvantage 
of paging is in assigning different protection 
attributes to different areas in a user address 
space because a paged memory appears 
homogeneous to the user and the operating 
system. Paging can be combined with segmen- 
tation to produce a memory management 
system with the advantages of both paging and 
segmentation. The implementation of paging 
for the Z8001 requires additional support hard- 
ware and may be implemented independent of 
the Z8010. 

Before proceeding to the mechanism of 
memory management, it is instructive to review 
how a segmented address translation 
mechanism with protection attributes achieves 
the five major goals of memory management 
outlined in the previous section. The first goal 
permits dynamic allocation of memory during 
the execution of tasks; that is, a task could be 
located anywhere in memory and even moved 
about when its execution is suspended. The 
address translation mechanism provides this 
flexibility because the task deals exclusively 
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with logical addresses and hence is indepen- 
dent of the addresses of the physical memory 
locations 1t accesses. Moving the task to dif- 
ferent physical memory locations requires that 
the address mapping function be changed to 
reflect the change in memory location, but the 
task’s code need not be modified. Of course, 
this flexibility does incur the price of manag- 
ing the various system tables required to 
implement memory management. 

The second goal supports sharing of com- 
mon memory areas by different tasks. This is 
accomplished by mapping different logical 
areas in different tasks to the same physical 
memory locations. 

The third provides protection against certain 
types of memory accesses. This is accomp- 
lished by associating accessing attributes with 
each logical segment and checking the type of 
access to see if each access 1s permitted. 

The fourth goal detects obvious execution 
errors related to memory accessing. This can 
be accomplished by checking each access to a 
segment to see whether the address falls within 
the allocated physical memory for that seg- 
ment. It could also include affixing a 
read/write attribute to data to prevent a task 
from trying to execute a data segment, and 
affixing an execute-only attribute to code 
segments to prevent a task from trying to read 
or write data to this segment. Additionally, ifa 
segment is used for a stack, the system could 
issue a warning to a task when the stack 
approaches the allocated limit of the segment. 
The task could then request more memory for 
the stack before the stack overflows and 
creates a fatal error. 

The final goal listed for memory manage- 


ment systems separates user functions from 
system functions. For processors that dis- 
tinguish between System mode and User mode 
of operation, this goal can be accomp- 

lished by associating a system-only attribute 
with system segments so users cannot directly 
access system tables and tasks. 

As a final point, it should be noted how 
segmentation can be used to support the 
development and execution of large, complex 
programs and systems. The concept of segmen- 
tation corresponds to the concept of partition- 
ing a large system into procedures and data 
structures where each procedure and data 
structure can be associated with a separate 
segment. A task can then invoke a procedure 
or sub-task or access a data structure by refer- 
ring to its logical segment name. Access to 
these objects can be individually restricted by 
using the protection-checking mechanism of 
the memory management system. 

As a specific example of how segmentation 
could be used in the design of a large system, 
consider a multi-user interactive BASIC system 
with a large data base shared by all users. 
Such a system could be designed with 
segments 0 through 15 reserved for system 
use, segments 16 through 31 reserved for the 
BASIC interpreter and its internal tables, 
segments 32 through 63 allocated to user tasks 
and segments 64 through 127 reserved for por- 
tions of the data base when they are in primary 
memory being accessed by users. For this 
system, segments 0 through 31 would probably 
always be in memory; the other segments 
would be assigned as needed and the memory 
they require allocated dynamically. 


The Mechan- 


Essentially there are four issues in imple- 


ics of Memory menting a memory management system: how 
Management addresses are specified, how these addresses 


are translated, what attributes are checked for 
each access, and how the protection mech- 
anism is implemented. Some of the major alter- 
natives in each of these issues are briefly 
discussed here, primarily from the point of 
view of a segmented memory. 

Two approaches have traditionally been 
taken for specifying addresses in a segmented 
memory. For simplicity, only addresses in 
instructions are discussed. The first way 
puts all the addressing information in the 
instruction itself. That is, each memory address 
in an instruction contains both the segment 
name and the offset within the segment. The 
alternative sets aside special registers that con- 
tain some of this information, for example the 
segment name or the address in physical mem- 
ory where the segment resides. 

The advantage of the latter approach lies in 
the fact that fewer bits are needed 1n an 
instruction to specify addresses. Thus pro- 
grams may be shorter. Also, because there is 


reduced traffic between the memory and the 
processor for fetching shorter instructions, a 
program may execute faster. 

On the other hand, these special registers 
must be manipulated to access more segments 
than there are registers, and this manipulation 
adds to the number of instructions, the pro- 
gram size and the execution time. In practice, 
these can destroy the advantages described 
above. If the special registers contain physical 
memory locations, then these must be pro- 
tected from user access to maintain the integ- 
rity of the system, and changing segments 
requires system calls which can be time con- 
suming 1f too few registers are supplied. The 
Z8001 architecture specifies the complete 
logical address in the instruction. 

Address translation is performed by adding 
the logical segment offset to the memory loca- 
tion where the segment begins. Thus, when an 
address of the form (a, b) 1s presented to the 
translation mechanism, the segment name “a” 
is used to determine where segment “a” 
resides in memory. Assume that it resides in 
locations 10000 to 25000. Then the actual 
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memory location of (a, b) is memory location 


ics of Memory 10000+b. The major option in implementing 


Management 
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this type of address translation is in determin- 
ing the segment location in physical memory. 
When special registers have been set aside to 
contain the starting location of the segment 
instead of putting all address information in 
the instruction, the addressing mechanism is 
similar to using the segment register as an 
index register or a base register. 

When logical addresses are either complete- 
ly specified in the instruction or when the 
special register contains the symbolic segment 
name, a table must be used to translate the 
logical segment name into a physical memory 
location. The table may have an associative 
capability, that is, the segment name is 
presented to the table and the device returns 
the physical memory location where the seg- 
ment begins. Alternatively, the table could 
have one entry for every possible segment 
name. The Z8010 implementation of the 
address translation table sets aside a specific 
table entry for each logical segment name. 

A number of attributes can be associated 
with a segment and checked during each 
access. One of these is the allocated length of 
the segment, and each access is checked to 
see if it falls within the bounds of the segment. 
The Z8010 provides limit checking. 

Another type of attribute deals with owner- 
ship or class of ownership: tasks are grouped 
into classes and only those in certain classes 
are permitted access. The simplest example is 
the system versus user classification, where 
tasks are either one or the other and this deter- 
mines whether or not any type of access can 
be made to the segment. The Z8010 has this 
feature—users are prevented from accessing 
system segments. 

Other types of attributes that can be 
associated with a segment involve modes of 
accessing, for example read only, read/write 
or execute only. For these attributes, the pro- 
cessor must indicate the type of access to be 
made, be it code fetch, read from memory, 
write to memory, etc. The Z8001 indicates 
when 1t 1s fetching code, reading or writing 
data, or performing stack operations, and thus 
the Z8010 can offer protection for these opera- 


tions. The other issue with respect to attributes 
is whether they are permissive or prohibitive. 
That is, whether the attribute is in the form of 
“write to this segment is permitted” or of the 
form “write to this segment is prohibited.” The 
Z8010 adopts the approach of specifying attri- 
butes that prohibit certain types of accessing. 
The final issue in the mechanics of memory 
management systems is the implementation of 
the protection attributes. These may be 
associated either with the logical address 
space or with the physical memory itself. The 
IBM 360 series, for example, places the 
memory protection information with the 
physical memory itself. Thus the processor 
generates a memory address and the memory 
module checks to see if the access is permit- 
ted. The main difficulty with this approach is 
in the lack of flexibility, because protection is 
associated with fixed memory partitions. Also, 
sharing memory 1s cumbersome because each 
user 1s given a protection key to match the 
memory key; thus both users must have the 
same access key or a universal access key. 
Associating access attributes with the logical 
segment permits a versatile memory manage- 
ment scheme because different users can 
access the same segment and have different 
access attributes associated with their access- 
ing. The Z8010 implements access attributes 
using the segment mapping information. 
Other information associated with each seg- 
ment does not pertain to the protection 
mechanism but can be of use to the memory 
management system. This information gener- 
ally relates to the history of the segment; for 
example, whether a segment has been 
modified while resident in primary memory. If 
it has not been modified and the system 
requires the memory for another segment, the 
memory can be freed immediately; otherwise, 
the updated version of the segment must be 
stored in secondary memory and the primary 
memory 1s not available until the segment has 
been saved. Although not strictly necessary, 
such information can improve the performance 
of the memory management system. The Z8010 
collects information on segment usage, and 
this information can be used to enhance per- 
formance of systems that use this device. 
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The Z8001 CPU generates segmented 


addresses consisting of a 7-bit segment number 


and a 16-bit segment offset address. In addi- 
tion, the CPU generates status signals indi- 
cating its current mode of operation (such as 
Instruction Fetch, Data Memory Reference, 
Stack Memory Reference, and Internal Opera- 
tion), whether it 1s performing a Read or a 
Write Memory Reference and whether it is in 
Normal (User) or System Mode. The Z8010 
Memory Management Unit uses this informa- 


tion to perform its memory management func- 
tions. This section describes the Z8010 MMU in 


some detail, beginning with the translation 
procedure and continuing with a description of 
the internal registers of the chip. The section 
concludes with a description of the system 
commands that alter the contents of these 
registers. 

The Z8010 MMU has three functional states. 
The first is the memory management state: 
when a logical address 1s presented to the unit, 
the MMU checks the access to insure its valid- 
ity and translates the logical address to a 
physical memory location. The second state is 
a command state: when a special I/O instruc- 
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tion is issued to the MMU, such as reading or 
writing one of its internal registers, the MMU 
responds to the command as appropriate. The 
third state is a quiescent state: when the CPU 
issues an I/O instruction or a refresh cycle, the 
MMU address lines remain 3-stated. 

The inputs to the MMU are the Address/Data 
lines (A/D lines), Segment Number lines, Bus 
Status and Timing Lines, and special control 
lines tor chip selection and DMA. The outputs 
from the MMU are Address lines, a Segment 
Trap line and a Suppress line (Figure 4). Dur- 
ing address translation and access protection, 
logical addresses are presented to the MMU on 
the Segment Number and Address/Data lines; 
the MMU puts the translated physical memory 
location on its Address lines and, if appro- 
priate, activates the Segment Trap and/or Sup- 
press lines. 

Segment Trap 1s a special type of syn- 
chronous interrupt for the Z8001 CPU; Sup- 
press aborts the memory access. In the com- 
mand state, the MMU receives commands on 
the A/D lines; data to be read trom or written 
into the MMU 1s also placed on the A/D lines. 

The MMU selects which of the three states it 
will be in according to the status information 
on the Bus Status lines during the initial clock 
cycle of an instruction or DMA cycle. The 
MMU performs address translation during a 
memory reference for either a regular instruc- 
tion or a DMA request. Only I/O instructions 
(either regular or special), memory refresh and 
reserved bus status states cause the MMU to 
cease performing memory address translations 
and enter another state. 

The MMU uses the segment number to 
access an internal table of segment descriptor 
registers, each register containing the starting 
memory location of the segment (called the 
base address), the segment’s limit (used to 
determine the range of legal address offsets) 
and the types of accesses permitted to that 
segment. 

Physical memory for segments 1s allocated in 
blocks of 256 bytes. The eight least significant 
bits of the base address are all zero and are 
not stored in the Segment Descriptor Register. 
Also, since the eight low-order bits of the seg- 
ment base are always zero, the eight low-order 
bits of the segment offset need not participate 
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Figure 4. Z8010 MMU Pin Functions 


in the addition of the base address to the off- 
set. Rather, they can be juxtaposed to the 
result of adding the high-order byte of the off- 
set to the most significant 16 bits of the base 
address. 

This process 1s illustrated in Figure 5. Note 
that the low-order eight bits of the offset are 
not used by the MMU. Figure 6 goes through 
an example of mapping the logical address 
(5, 1528) to a physical memory location when 
segment 5 begins at location 231100. 

Figure 6a illustrates the full addition to be 
performed during address translation. The seg- 
ment number 5 selects Segment Descriptor 
Register 5 in the MMU. The base address field 
in this register contains 2311 which corre- 
sponds to a base address of 231100. The offset, 
1528, 1s then added to 231100 to produce the 
physical memory location 232628. Figure 6b 
represents the same logical procedure, but 
illustrates the actual operation of the MMU. 
Again segment number 5 1s used to select the 
base address. However, only the high-order 
byte of the offset 1s added to the contents of the 
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MMU base-address field: 15 1s added to 2311 
to produce the most significant 16 bits of the 
physical memory location. The low-order byte 
of the physical location is the same as the low- 
order byte of the offset. 

The results of the two processes illustrated in 
figures 6a and 6b are the same, but 1n 6a a 
24-bit addition is implied whereas 1n 6b only a 
16-bit addition 1s needed. Also, the low-order 
eight bits of the offset are not needed by the 
MMU and this reduces the number of pins 
required by the MMU package. 

The MMU checks memory references for two 
types of trap conditions. The first type 1s an 
access violation. This occurs when a memory 
reference is performed in a mode that is not 
allowed by the read-only, execute-only, CPU- 
inhibit or system-only attribute of a segment. A 
memory reference outside the allocated 
memory for the segment also constitutes an 
access violation. 

The second type 1s a write warning. This 
occurs when a write 1s made to the last 256 
bytes of a special type of segment (indicated 
by a special attribute flag called the Direction 
And Warning Flag). These segments are 
typically used for stacks and are therefore 
logically organized so that successive writes 
(or stack pushes) access lower-numbered 
memory locations. By generating a segment 
trap request when a write 1s performed into the 
lowest-numbered 256 bytes of the memory 
allocated for these segments, the MMU 1s 
signaling that a stack 1s in danger of overflow- 
ing. The operating system in servicing this 
trap can increase the memory allocated for the 
segment and avoid a fatal stack overflow 
condition. 

The MMU generates two control signals that 
can be used by the system to perform memory 
management functions. Segment Trap Request 
is generated upon the first detected occur- 
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Figure 6. Two Methods of Address Translation 


rance of a violation or write warning. Once 
asserted, this signal remains set until a trap 
acknowledge signal is received. Only when the 
Fatal Flag, a special MMU control flag, is set 
will a detected violation not cause a segment 
trap request. This flag is set only when a 
second violation 1s detected while a previous 
trap 1s being processed and thus indicates that 
the system software 1s in error. 

The other control signal generated by the 
MMU is Suppress. Once a violation has been 
detected, this signal 1s asserted on that and 
every succeeding memory reference for the 
remainder of the instruction. In particular, I/O 
and Special I/O instructions are checked for 
memory access violations, and once a memory 
access violation is detected, subsequent 
memory accesses cause Suppress signals to be 
generated. I/O addresses, of course, bypass 
the MMU and are neither translated nor 
checked. Intervening DMA cycles and memory 
refresh cycles are exceptions to this rule. Dur- 
ing such cycles Suppress 1s not asserted unless 
a violation is detected during that cycle. Only 
DMA can generate a violation; refresh can 
never cause a violation. Suppress can be used 
by the memory system to inhibit writes, thus 
protecting the memory from illegal alterations. 


MMU 
Internal 
Registers 


There are three groups of registers in the 
MMU: Segment Descriptor Registers, Control 
Registers and Status Registers. The Segment 
Descriptor Registers contain all the information 
relating to the address translation and access 
protection of a particular segment. The Con- 


trol Registers contain information used to con- 
trol the various functions of the MMU, includ- 
ing how to interpret various signals generated 
by the CPU. The Status Registers contain all 
the information the MMU generates when it 
detects an access violation. 


Segment 
Descriptor 
Registers 


Because there are 64 Segment Descriptor 
Registers in the MMU, two MMUs are required 
to handle all 128 segments that the Z8001 can 
manipulate directly. An MMU 1s programmed 
to handle either segments O through 63 or 
segments 64 through 127; the particular set of 
64 segments in an MMU can be changed using 
special operating system commands. Each Seg- 
ment Descriptor contains three fields, a 16-bit 
Base Field, an 8-bit Limit Field and an 8-bit 
Attribute Field (Figure 7). The segment 
number of a logical address determines which 


segment descriptors are used in address 
translation. 

The Base Field specifies the starting location 
in memory of the segment. 

The Limit Field specifies the segment size in 
blocks of 256 bytes. The address offset is com- 
pared against the segment limit and a size 
violation occurs if the offset falls outside the 
segment boundaries. A write warning occurs 1f 
the destination 1s 1n the last block of a segment 
being used as a stack. 
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Figure 7. A Segment Descriptor 


The Attribute Field contains eight flags. Five 
flags protect the segment against certain types 
of access, one indicates a special orientation of 
the segment, and two indicate the types of 
accesses that have been made to the segment. 
The following brief description explains how 
these flags are used. 

The Read-Only Flag (RD) indicates that the 
only accesses to this segment are reads. Writes 
are prohibited when this flag is set. Thus this 
flag is a write-inhibit flag; in particular, code 
can be executed from a read-only segment. 
This flag is useful in protecting data from 
being written by unauthorized users. For 
example, if one user wants to give another 
access to a document that he has created, but 
does not want this user to be able to modify it, 
the system can set the Read-Only Flag when it 
copies the file into the user’s address space. If 
the data is already in memory (in a read-only 
mode), then this same memory area can be 
made accessible to that user without another 
copy of the document being required. 

The System-Only Flag (SYS) indicates that 
only accesses made in System Mode are to be 
permitted. When this flag is set, accesses in 
the Normal Mode are prohibited. This attribute 
is useful in protecting system tables and tasks 
from being accessed by users. For example, 
system I/O routines can be left in the memory 
with this flag set and a user is unable to call 
them directly. This feature is useful if a system 
is designed so that users are given certain seg- 
ment names and other segment names are 
reserved for system use. This flag prevents 
users from accessing system segments, even 
though they can generate the logical 
addresses. 

The CPU-Inhibit Flag (CPUI) indicates that 
the segment is not to be referenced by the 
CPU. When this flag is set, CPU access to this 
segment is prohibited, but DMA channels can 
access the segment. This flag is useful in 
preventing a program from accessing a seg- 
ment whose data resides on secondary storage 
and has not been brought into primary 
memory. For example, a user may request the 
operating system to read a file from disk into 
segment number 19; if the operating system 
returns control to the user before the file has 
been read, this flag should be set in Segment 
Descriptor Register 19. 

The Execute-Only Flag (EXC) indicates that 
the segment is to be referenced only during 
the instruction fetch cycle of the processor. 
When this flag is set, access to the segment 
during any other cycle of an instruction, for 
example during the memory request cycle, is 


prohibited. This flag is useful in preventing a 
program from making a copy of a proprietary 
program. For example, if this flag is set for a 
segment containing code that a user can 
access, that code is protected from being read 
and hence from being copied. 

The DMA-Inhibit Flag (DMA) indicates that 
the segment is not to be referenced by a DMA 
Channel. When this flag is set, only the CPU 
has access to the segment. This flag is useful 
in preventing a DMA device from modifying a 
segment being used by an executing task. For 
example, segments with valid data should have 
this flag set to protect them from modification 
by a DMA device. 

The Direction And Warning Flag (DIRW) 
indicates that memory accesses are to be 
monitored and certain accesses are to be 
signaled, although allowed to proceed. When 
this flag is set, any write to the lowest 256 
bytes of the segment generates a write warn- 
ing. This flag is useful for segments that are 
used as stacks since the Z8001 has special 
stack instructions to manipulate stacks that 
grow toward lower memory locations. Thus a 
write warning for a stack indicates that the 
stack may soon overflow its allotted memory 
space and that more physical memory should 
be obtained. For example, if a segment serves 
as a run-time stack for a block-structured pro- 
gramming language such as PASCAL, memory 
can be allocated to this segment only as a pro- 
gram requires during its execution. The alter- 
native in a fixed allocation environment is to 
allocate as much memory for the stack as the 
system expects the program to need, whether 
or not it is actually used by the program. 

The Changed Flag (CHG) indicates that a 
write has occurred to this segment. This flag is 
set automatically whenever a program or DMA 
device writes into the segment. This flag is 
useful in indicating which segments have been 
modified in the case where the segment must 
be written to a secondary storage device. 
Segments that have not been updated need not 
be copied back to disk if a copy already exists. 
For example, when a user task is suspended in 
a multiple-user environment and his task is to 
be swapped out of memory temporarily to 
make room for another task, only those 
segments that have been changed need to be 
updated on the disk. 

The Reterenced Flag (REF) indicates that a 
memory access has been made to a segment. 
This flag is set automaticaly whenever a pro- 
gram or DMA device accesses the segment. 
This flag is useful in indicating which segments 
are active in the case that a segment must be 
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selected to be swapped out of primary memory 
to make room for another task. For example, 
seldom-used operating-system tasks that usual- 
ly reside in primary memory may be swapped 


out to make room for users with large memory 
requirements. This flag is a way of ascertaining 
which segments contain seldom used tasks. 


Control 
Registers 


Three user-accessible 8-bit registers in the 
MMU control the functioning of the MMU 
(Figure 8). The Mode Register provides a 
sophisticated method for selectively enabling 
MMwUs in a multiple-MMU configuration. The 
Segment Address Register (SAR) selects a par- 
ticular segment descriptor to be accessed by a 
system routine when it is changing the 
organization of primary memory. The Descrip- 
tor Selection Counter Register selects the par- 
ticular byte in the Segment Descriptor Register 
that is accessed. 

Two flags in the Mode Register govern the 
functioning of the MMU. The Master Enable 
Flag (MSEN) indicates whether the device will 
perform address translation. When this flag is 
set, addresses translated by the MMU are 
placed on its Address lines; when this flag is 
clear, the Address lines are 3-stated. Thus, 
once this flag is reset, no memory request can 
pass through the MMU. In a single-MMU con- 
figuration, MSEN set to zero requires that the 
CPU must have access to a special memory, 
since 1t will not be able to fetch an instruction 
from the primary memory. This flag can be set 
during hardware reset (this is discussed later). 

The second flag 1n the mode register that 
governs the functioning of the MMU is the 
Translate Flag (TRNS). This flag indicates 
whether the MMU is to translate the addresses 
presented to it. When the flag is set, the MMU 
translates logical addresses to physical memory 
locations and checks to see if a violation will 
occur on that access. When the flag is clear, 
addresses presented to the MMU are passed to 
the output Address lines without change, and 
no protection checking 1s done. 

When multiple-MMUs are used in a memory- 
management system, some mechanism must be 
present to select those devices that are to be 
active during the memory translation process. 
More specifically, if two MMUs are employed 
so that all 128 segments can be used at random 
by an executing process, then some way must 
exist for each of the MMUs to know which 64 
Segment Descriptors are located in its Segment 
Descriptor Registers. The Upper Range Select 
Flag (URS) indicates which set of 64 descrip- 
tors is stored in the MMU. When the flag 1s 
set, the MMU contains descriptors 64 through 
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127; when the flag is reset, the MMU contains 
descriptors 0 through 63. 

When multiple-MMU devices keep separate 
tables for system descriptors and user descrip- 
tors, the Multiple Segment Table Flag (MST) 
and the Normal Mode Select Flag (NMS) in the 
Mode Register distinguish which MMUs con- 
tain system descriptors and which contain user 
descriptors. When the MST flag is set, multiple 
tables are present in the configuration, and 
each MMU 1s dedicated to one of the tables. In 
this case the MMU translates addresses only 
when the N/S signal matches the NMS flag. 
Thus, if there are two tables in the memory 
management system (one for the system and 
one for users), the NMS flag is set in those 
MMUs containing the users’ segment descrip- 
tors, and is not set in the remaining MMUs. All 
MMwUs in the system have the MST flag set to 
indicate more than one table in the system. 

The final piece of control information in the 
Mode Register is a 3-bit Identification Field 
(ID) that indicates a logical name for the 
MMU. When a segment trap is acknowledged 
by the CPU, the MMU uses this field to select 
one of the A/D lines; each enabled MMU 
should select a different line. If an MMU 
requested a segment trap, it outputs a | on its 
assigned A/D line; otherwise it outputs a 0. 
Since the ID field 1s three bits, up to eight 
MMuUs can be uniquely identified. One 
instruction might result in multiple violations 
in different MMUs, so that the segment trap 
software might have to deal with several MMUs 
to process the trap. 

The other two control registers in the MMU 
are the Segment Address Register (SAR), 
which points to one of the 64 segment descrip- 
tors, and the Descriptor Selection Counter 
Register. Commands to read or write a seg- 
ment descriptor use the SAR pointer to select 
which descriptor 1s to be accessed. This 
register has an auto-incrementing capability 
for accessing consecutive descriptors in suc- 
cession without having to reload the SAR. Thus 
if descriptors 0 through 4 are to be modified, 
the SAR is initialized to 0 and then auto- 
incremented to point to descriptors, 1, 2, 3 
and 4 in succession. 

The Segment Descriptor Number is a 6-bit 
field that contains the address of the descriptor 
within the MMU. If the MMU holds segments 
64 through 127 (that is, if the URS flag 1s set), 
the segment named 64 1s accessed when the 
SAR number field is 0. This is a result of the 
6-bit limit of the descriptor number field. The 
field indicates the 6 least-significant bits of the 
logical segment descriptor number. 
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Segment Descriptors consist of four bytes; 
the Descriptor Selection Counter indicates 
which byte is being accessed during a com- 
mand (commands to the MMU can read or 
write only one byte at a time). A counter value 
of 0 indicates the high-order byte of the base 
address is being accessed, 1 indicates the low- 
order byte of the base address, 2 indicates the 
limit field, and 3 indicates the attribute field. 


This counter is used by MMU commands that 
access multiple bytes within a descriptor. In 
general, the counter is handled automatically 
by the MMU commands. Only when a com- 
mand could be interrupted—and intervening 
MMU commands issued—should this register 
be saved and later restored by the interrupting 
program. 


Status 
Registers 


Six 8-bit registers contain information useful 
in recovering from memory trap conditions 
(Figure 9). The Violation Type Register 
describes the conditions that generated the 
segment trap. The Violation Segment Number 
and Offset Registers contain the segment 
number and upper byte of the segment address 
offset for the logical address that caused 
the segment trap. The Instruction Segment 
Number and Offset Registers contain the seg- 
ment number and uper byte of the segment 
address offset for the last instruction before the 
segment trap was issued. The Bus Cycle Status 
Register records the status of the bus at the 
time the trap condition was detected. 

Only violations caused by CPU access have 
trap information stored in the status registers; 
DMA violations cause Suppress to be asserted, 
but the Status Registers are not altered. Thus if 
a DMA violation occurs between a CPU viola- 
tion and entry to the trap service routine, the 
service routine still has the CPU trap informa- 
tion available to process the trap. It is the 
responsibility of the DMA device to save 
enough information in the event of a violation 
so that a software DMA violation service 
routine can process the violation correctly. 

Eight flags in the Violation Type Register 
describe the cause of the segment trap. Four 
flags correspond to access protection modes in 
the segment descriptor attribute mode. A read- 
only violation sets the RDV flag, a system-only 
violation sets the SYSV flag, a CPU access to a 
CPU-Inhibit segment sets the CPUIV flag, an 
execute-only violation sets the EXCV flag. 

Three flags correspond to addressing viola- 
tion or warnings. The Segment Length Viola- 
tion Flag (SLV) is set whenever the offset of the 
logical address falls outside the memory space 
allocated to the segment. The Primary Write 
Warning Flag (PWW) is set whenever a write 
occurs 1n the last 256 bytes of a segment whose 
Direction And Warning Flag is set (that is, for 
segments being used as stacks where the top of 
the stack is within 256 bytes of the allocated 
memory space of the segment). The Secondary 
Write Warning Flag (SWW) is similar to the 
PWW flag, only it 1s set when the CPU 1s in 
system mode, a stack push 1s being performed 
to a segment with a Direction And Warning 
Flag set, and some other addressing violation 
or warning has occurred (the EXCV, CPUIV, 
SLV, SYSV, RDV or PWW flags have been 
set). When the SWW flag 1s set it indicates 


that the system stack is in danger of overflow- 
ing its allotted memory. Once the SWW flag is 
set, further write warnings are suppressed. 
This prevents the system from repeatedly 
being interrupted for the same warning while 
it is in the process of eliminating the cause 

of the warning. 

The final violation-type register flag to be 
discussed is the Fatal Condition Flag (FATL). 
This flag is set when any other flag in the 
violation type register is set and either a viola- 
tion is detected or a write-warning condition 
occurs 1n normal mode. This flag is not set 
during a stack push in system mode that 
results in a warning condition. This flag 
indicates that a memory access error has 
occurred in the trap processing routine. Once 
this flag has been set, no Trap Request signals 
are generated on subsequent violations. 
However, Suppress signals are generated on 
this and subsequent CPU violations until the 
FATL flag has been reset. 

The Bus Cycle Status Register contains infor- 
mation pertaining to the status of the bus when 
a trap condition is detected. This includes 
CPU Status (ST9-ST3), plus flags indicating 
whether a read or a write was being performed 
and whether or not the N/S line was asserted. 

The Violation Segment Number and Offset 
Registers record the first logical address to 
cause a trap. Only the high-order byte of the 
offset is saved, however, so that external sup- 
port circuitry 1s needed to save the low-order 
eight bits of the logical address offset. If the 
trap occurred during the instruction fetch 
cycle, this information is the logical address of 
the instruction; otherwise it indicates the 
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logical address of a data item which was to be 
accessed. 

The Instruction Segment Number and Offset 
Registers record the logical address of the last 
instruction fetch that occurred before the trap. 
Only the high-order byte of the offset is saved, 
however, so external support circuitry is need- 
ed to save the low-order eight bits of the offset. 

If an instruction fetch caused the trap, these 


registers indicate the logical address of the 
previous instruction. Such information is useful 
if the preceding instruction was a branch 
instruction to an invalid address since—in this 
case—these registers indicate which branch 
instruction led to the erroneous situation. If a 
data reference caused the segment trap, then 
these registers indicate the logical address of 
the instruction that specified the illegal access. 


Stack 
Segments 


Segments are specified by a base address 
and a range of legal offsets to this base 
address. On each access to a segment, the off- 
set is checked against this range to insure that 
the access falls within the allowed range. If an 
access outside the segment is attempted, a 
Trap Request and a Suppress signal are 
generated. 

Normally the legal range of offsets within a 
segment is from 0 to 256N + 255 bytes, where 
O<N<255. (N is the value in the lmit field of 
the segment descriptor.) However, a segment 
may be specified so that legal offsets range 
from 256N to 65,535 bytes, where OF N S255. 
The latter type of segment is useful for stacks 
because the Z8001 stack-manipulation instruc- 
tlons cause stacks to grow toward lower 
memory locations. Thus, when a stack grows to 


the limit of its allocated segment, additional 
memory can be allocated on the correct end of 
the segment. As an aid in maintaining stacks, 
the MMU detects when a write is performed to 
the lowest allocated 256 bytes of these 
segments and generates a Trap Request. No 
Suppress signal is generated so the write is 
allowed to proceed. This write warning can 
then be used to indicate that more memory 
should be allocated to the segment. 

The DIRW flag indicates that a segment is to 
be treated in this special way by the MMU. 
When the DIRW flag is set, the range of 
allowed offsets is from 256N to 65,535 bytes 
and writes into the range 256N to 256N + 255 
generate Segment Trap but not Suppress, 
indicating a write warning. 


Segment 
Trap and 
Acknowledge 


The Z8010 MMU generates a Segment Trap 
whenever it detects an access violation or a 
write warning condition. In the case of an 
access violation, the MMU also activates Sup- 
press. Suppress can be used to inhibit memory 
writes and to request that special data be 
returned on a read access. Segment Trap 
remains Low until a Trap Acknowledge signal 
is received. If a violation occurs, Suppress is 
asserted for that cycle and all subsequent CPU 
memory references until the end of the instruc- 
tion. Intervening DMA cycles are not sup- 
pressed, however, unless they generate a 
violation. Violations detected during DMA 
cycles cause Suppress to be asserted during 
that cycle only; no segment trap requests are 
ever generated during DMA cycles. This is 
because the CPU would not be able to respond 
to these traps until the conclusion of the DMA 
cycle. 

Segment traps to the Z8001 CPU are handled 
similarly to other types of interrupts. To ser- 
vice a segment trap, the CPU enters a segment 
trap acknowledge cycle. The acknowledge 
cycle is always preceded by an instruction 
fetch cycle that is aborted. The MMU has been 
designed so that this dummy instruction fetch 
cycle is ignored. During the acknowledge 
cycle, all enabled MMUs use the Address/Data 
lines to indicate their status. An MMU that has 
generated a Segment Trap request outputs a 1 


on the A/D line associated with the number in 
its ID field. An MMU that has not generated a 
segment trap request outputs a O on its 
associated A/D line. A/D lines for which no 
MMU is associated remain 3-stated. During a 
segment trap acknowledge cycle, an MMU 
uses A/D line 8 +i if the content of its ID 

field is i. 

Following the acknowledge cycle, the CPU 
automatically pushes the program status words 
and program counter onto the system stack, 
and loads a new program status word and pro- 
gram counter from the program status area. 
The Segment Trap line is reset during the seg- 
ment trap acknowledge cycle, and no Suppress 
signal is generated during the stack push. If 
the store creates a write warning condition, a 
segment trap request is generated and is ser- 
viced at the end of the context swap; the SWW 
flag is also set. Servicing this second Segment 
Trap request also creates a write warning con- 
dition, but—because the SWW flag 1s set—no 
Segment Trap request is generated. If a viola- 
tion rather than a write warning condition 
occurs during the context swap, the FATL flag 
is set rather than the SWW flag. In this case, 
subsequent violations cause the Suppress to be 
asserted but not Trap Request. Without the 
OWW and FATL flags, trap processing routines 
that generate memory violations would 
repeatedly be interrupted and called to pro- 
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cess the violations they create. 
The CPU routine to process a trap request 


Acknowledge should first check the FATL flag to determine 


(Continued) 


if a fatal system error has occurred. If not, the 


SWW flag should be checked to determine if 
more memory is required for the system stack. 
Finally, the trap itself should be processed and 
the violation type register reset. 


Commands 
to the MMU 


When a memory management system must 
read or change information in the MMU to 
respond to a segment trap or to re-organize the 
physical memory, it can issue control com- 
mands to the MMU. These commands fall into 
two generic categories: reset commands and 
read/write commands. Reset commands are 
simply orders to the MMU to set or clear 
specified fields. For these commands, the 
Z8001 Special I/O output command can be 
used with the destination field set to be the 
MMU command code corresponding to the 
desired action. 

Read and write commands are slightly more 
complicated because they consist of both com- 
mands and data. Such commands to the MMU 
are issued using the Z8001 Special I/O instruc- 
tions. These instructions have a source and a 
destination field. For an input instruction, the 
source field contains an MMU command code 
and the destination field indicates where in 
primary memory the data is placed. For an 
output instruction, the destination field con- 
tains an MMU command and the source field 
indicates where the data to be written into the 
MMU resides in memory. 

The high-order byte of the command con- 
tains the opcode for that command; the low- 
order byte of the command can be used to 
specify the particular MMU to be accessed. 
The MMU does not receive information on 
ADo-AD7, so external circuitry must decode 
information on these lines during the Special 
I/O commands and then select a particular 
MMU. The encoding of the low-order byte is 
dependent upon the system implementation. 
This paper always uses the convention that 
bit i specifies MMU number 1. 

The reset commands to the MMU are: Reset 
Violation Type Register, Reset SWW Flag In 
Violation Type Register, and Reset Fatal Flag 
In Violation Type Register. Resetting the Viola- 
tion Type Register is similar to a hardware 
reset in that it clears this register and returns 
the internal control of the MMU to an initial 
state (as if no violation had occurred since 
system initialization). Resetting the SWW flag 
or the FATL flag in the Violation Type Register 
clears these flags. 

Two other commands are similar to reset 
commands 1n that they have no data associated 
with them. These are Set All CPU-Inhibit Flags 
in the segment attribute fields and Set All 
DMA- Inhibit Flags in the segment attribute 
fields, both of which cause all segment 


descriptors in the MMU to have the CPUI or 
DMAI flags set, respectively. These two set 
commands can be useful in initializing address 
translation tables or when swapping between 
tasks. For example, when swapping between 
tasks the Set All CPUI Flags command 
automatically makes the previous task’s 
segments inaccessible to the next task, unless 
the system explicitly initializes the segment 
attribute field in these segments. 

As an example of using the Special Output 
instruction SOUT to control an MMU, consider 
resetting the fatal flag of MMU #1. The MMU 
command opcode for this is *%14” (% denotes 
hexadecimal). The assembler syntax for the 
SOUT instruction is “SOUT destination field, 
source field’’ so that the instruction to reset the 
fatal flag of MMU #1 1s “SOUT %1402, RO.” 
Specifying register O in this instruction is an 
arbitrary choice—the content of this register is 
placed on the A/D lines during the data phase 
of the SOUT instruction, but it is ignored by 
the MMU. The low-order byte of the command 
(the destination field of the instruction) en- 
codes which MMU is to reset its fatal flag. The 
convention followed in this paper is that MMU 
i is specified by setting bit i in the low order 
byte of the command. (Bit 1 set is hex *%02.”) 

The rest of the MMU commands consist of 
both operation and data. The following internal 
registers can be read or written: the Mode 
Register, the Segment Address Register, the 
Descriptor Registers and the Descriptor Selec- 
tion Counter Register. A Descriptor Register 
can be read or written as a whole, or selected 
subfields can be accessed. In addition, by 
using the auto-increment feature of the Seg- 
ment Address Register, successive Descriptor 
Registers can be accessed, or a selected field 
within successive Descriptor Registers can be 
accessed. For example, one Special I/O com- 
mand in block mode could read a number of 
segment attribute fields. This is useful in deter- 
ming which segments have been modified. 

As an example of using the Special Output 
instruction SOUT to write data into an MMU, 
consider writing the contents of Register 6 into 
the Mode Register of MMU #2. The opcode for 
this command is “%00” and so the command is 
“SOUT %0004, R6.”" Here the high-order byte 
of the destination field contains the opcode 
and the low-order byte has bit 2 set (hex- 
adecimal 4 if 0100 in bimary) indicating 
MMU #2. 
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Commands Certain MMU internal registers can only be 

to the MMU __read—there is no corresponding write instruc- 

(Continued) tion. This is because these registers contain 
information relating to a detected violation and 
thus it is not necessary to be able to write into 
these registers. These registers are the Viola- 
tion Type Register, the Violation Segment 
Number Register, the Violation Offset Register, 


the Instructior Segment Number Register, the 
Instruction Offset Register and the Violation 
Bus Status Register. Although the Violation 
Type Register cannot be written, it should be 
noted that it can be cleared and that two of its 
flags can be individually cleared: the SWW 
flag and the FATL flag. 


Direct DMA operations may occur between Z8001 
Memory machine cycles and can be handled through 
Access the MMU. The MMU permits DMA in either 


the System or Normal Mode of operation. For 
each memory access, segment attributes are 
checked and—if a violation is detected—a 
Suppress signal is generated. Unlike a CPU 
violation, which automatically causes Suppress 
signals to be generated on subsequent memory 
accesses until the next instruction, DMA viola- 
tions generate a Suppress only on a per- 
memory-access basis. The DMA device should 
note the Suppress signal and record sufficient 
information to enable the system to recover 
from the access violation. No Segment Trap 
Request 1s ever generated during DMA (hence 
warning conditions are not signaled). There 
are no trap requests because the CPU would 
not acknowledge the request until the end of 
the DMA cycle. 


At the start of a DMA cycle, the DMASYNC 
line must go Low, indicating to the MMU the 
beginning of a DMA cycle. A Low DMASYNC 
inhibits the MMU from using an indeterminate 
segment number on lines SNo-SNg. When the 
DMA logical memory address is valid, 
DMASYNC must be High on one rising edge of 
Clock and the MMU then performs its address- 
translation and access-protection functions. 
Upon the release of the bus at the termination 
of the DMA cycle, DMASYNC must again be 
High. After two clock cycles of DMASYNC 
High, the MMU assumes that the CPU has con- 
trol of the bus and that subsequent memory 
references are CPU accesses. The first instruc- 
tion fetch occurs at least two clock cycles after 
the CPU regains bus control. During CPU 
cycles, DMASYNC should always be High. 


Hardware The MMU can be reset by either hardware 
and or software mechanisms but note that they 
Software have different effects. A hardware reset occurs 
Reset on the falling edge of the Reset input; a soft- 


ware reset is performed by an MMU command. 
A hardware reset clears the Mode Register, 
Violation Type Register and Descriptor Selec- 
tion Counter. If the Chip Select line is Low 
while Reset is Low the Master Enable Flag in 
the Mode Register is set to 1. All other 
registers are undefined. After reset, the A/D 
and A lines are 3-stated. The SUP and SEGT 


open-drain outputs are not driven. If the 
Master Enable Flag is not set during reset, 
the MMU does not respond to subsequent 
addresses on its A/D lines. To enable an MMU 
after a hardware reset, an MMU command 
must be used in conjunction with Chip Select. 

A software reset occurs when the Reset 
Violation Type Register command is issued. 
This command clears the Violation Type 
Register and returns the MMU to its initial 
state as if no violations or warnings had 
occurred. 


Multiple-eMMU  Z8010 MMU architecture supports system 

Configur- configurations that use more than one 

ations MMU. Multiple MMU devices can be used 
either to manage 128 CPU segments rather 
than the 64 supported by one MMU, or to 
manage multiple translation tables. 

The Z8001 CPU generates logical address- 
es that can specify up to 128 different seg- 
ment names. Because the MMU contains 
only 64 Segment Descriptor Registers, two 
MMUs are needed to perform address trans- 
lation for 128 logical segments. Systems 
designed with only one MMU device still 
have the power and flexibility offered by 
memory management, although tasks in 
such a system are restricted to manipu- 


lating only 64 logical segment names. These 
names must either be 0 through 63 or 64 
through 127. If the MMU in a single-MMU 
configuration is set to translate segment names 
in one range and the CPU generates a logical 
segment name 1n the other range, the MMU 
does not perform address translation and no 
physical memory location is output. In this 
case, no request 1s made to memory. There- 
fore, a single-MMU configuration should have 
additional external logic to detect erro- 
neous segment names and generate a Segment 
Trap and Suppress signal. 

The Upper Range Select flag (URS) is 
used in multiple MMU configurations to 
indicate which group of logical segment names 
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flag is set, the Segment Descriptor Registers in 
the MMU are used in translating logical 
addresses in the range 64 through 127. When 
the flag 1s clear, the range is 0 through 63. 
Thus the URS flag corresponds to the most 
significant bit (bit 6) in the logical segment 
names that the MMU translates. Because this 
flag is under program control, the range of 
logical segment names can be changed during 
execution in System Mode. 

MMU architecture also supports multiple 
segment translation tables. This feature is 
useful when separate tables are maintained for 
different tasks. Each task has its own table and 
switching between tasks requires enabling the 
appropriate MMU devices. In contrast, systems 
with only one translation table must either 
restrict the logical segment names that an 
individual task can use, or change the 
Descriptor Register entries whenever tasks are 
swapped. Two flags in the Mode Register, 
together with the N/S signal, are used in multi- 
ple table configurations. 

The Multiple Segment Table (MST) flag 
indicates whether the configuration 1s being 
used to support multiple tables. When this flag 
is set, the MMU will compare the N/S line 
against the Normal Mode Select Flag (NMS) 
before generating a physical memory location 
on its Address lines. When the line and the 
flag match (both asserted or both de-asserted), 
the MMU 1s enabled and an address translation 
is performed (assuming the URS flag matches 
the most significant bit in the logical segment 


name). If the N/S line fails to match the state 
of the NMS flag, no translated address is 
generated by the MMU. The MST flag and the 
NMS flag are under program control and can 
be changed 1n System Mode. 

The simplest multiple translation table con- 
figuration has one table for Normal Mode 
access and one for System Mode access. In 
such a configuration, the Multiple Table Flag 
is set in all MMUs and the N/S line of each 
MMU receives its input from the N/S output of 
the Z8001 CPU. MMUs containing descriptors 
of system segments have the NMS flag clear, 
and those containing descriptors to be used in 
Normal Mode have the flag set. When the 
Z8001 1s in System Mode, the N/S line is Low 
and it matches the NMS flag in those MMUs 
whose Descriptor Registers contain system seg- 
ment information. Therefore, these MMUs are 
used in address translation for system 
references. = 

When the Z8001 is in Normal Mode, the N/S 
line is High and it matches the NMS flag in 
those MMUs whose Descriptor Registers con- 
tain user segment information. Consequently, 
these MMUs are used 1n address translation for 
user segments. In this configuration, system 
segments are separated from user segments. 
When the Z8001 changes from Normal to 
System Mode of operation, the appropriate 
translation table is automatically selected. A 
more elaborate example of a configuration with 
multiple translation tables is given in the next 
section. 


Examples 


This section describes two Z8001-Z8010 con- 
figurations: one contains two MMUs and one 
address translation table; the other contains 
seven MMUs and four address translation 
tables. These examples are given in suf- 
ficient detail to illustrate some of the major 
ideas in constructing memory-management 
systems around the Z8010 MMU. High-level 
block diagrams illustrate some of the major 
features of typical hardware configurations 
and short programs illustrate software tech- 
niques for using the MMU. 

The first example system is the two- MMU 
configuration illustrated in Figure 10. The two 
MMuUs are called MMU #1 and #2, and they 
are selected during a command cycle by AD, 
and AD» being Low, respectively. Since a 
Special I/O instruction 1s being used bit 0 must 
always be zero. Thus, when a low-order byte of 
a command is “%02,"" MMU #1 responds; 
when 1t 1s “%04,’" MMU #2 responds; and 
when it 1s “%06,"" both MMUs respond. (Note 
that AD, is inverted before attachment to the 
Co pin) 

The A/D, line, which controls MMU #1 
through the Chip Select input, 1s first com- 


bined with the Reset line. This allows the 
Master Enable Flag to be set upon system 
initialization, so the logical addresses gen- 
erated by the CPU are passed to the physical 
memory. This 1s done because—upon reset— 
the mode register 1s otherwise cleared, the 
Translate Flag 1s clear and addresses pass 
through the MMUs untranslated. The bootstrap 
program can therefore reside in absolute 
memory locations in the physical memory. If 
the Reset line 1s not an input to the Chip 
Select line, the Master Enable Flag would not 
be set during system initialization and the CPU 
would not be able to address memory through 
the MMUs. 

Note that there 1s a direct path from the 
CPU and DMA to the system bus. This path 
1s used during I/O and memory refresh 
because the MMUs are quiescent during these 
cycles. It 1s also used for data on memory 
reads and writes. Also, note that the Suppress 
line goes both to the memory, where 1t can be 
used to protect the memory from erroneous 
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writes, and back to the DMA device to save 
information upon the event of a DMA access 
error. 

Of further interest in the example, address 
latches are used to buffer addresses between 
the Z8001 and a demultiplexed bus. This is 
required to demultiplex the address and data 
onto the bus. The address latch for ADg-AD)5 
may not be needed if the I/O device does not 
use separate address and data lines. 

A detailed example indicates how such a 
system could be used. First, consider setting 
Segment Descriptor Register 65 to point to a 
read-only segment of 768 bytes starting at 
memory location %115200. The segment is to 
be accessed in Normal Mode. The Descriptor 
Register should be %115202 01. The first two 
bytes, %1152, indicate the starting location of 
the segment (note that the low-order byte of 
the memory address is all zeros and is not 
stored in the Descriptor Register). The third 
byte, %02, indicates that three blocks of 256 
bytes have been allocated to this segment. The 
fourth byte, %01, indicates that only the read- 
only segment flag has been set. 
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To write this descriptor into the MMU, a 
copy of the descriptor should be created in 
primary memory and a Special I/O block 
transfer instruction used. The SOTIRB instruc- 
tion can be used for this. 

This instruction has the assembler syntax 
‘“SOTIRB destination, source, count register’ 
where both the destination and source are 
registers. The destination register contains the 
command to the MMU, the memory location 
pointed to by the source register contains the 
first byte of the data to be transferred, and the 
Count Register contains the number of bytes to 
be transferred. 

The opcode to load the Descriptor Register 
is ‘%0B”. Segment Descriptor Register 65 is 
Segment Descriptor Register 1 of MMU #2, so 
the MMU command is ”%0B04”. 

To specify which Segment Descriptor 
Register to write, it is necessary to load the 
Segment Address Register of MMU #2 with 1. 
The MMU opcode to do this is ‘‘%01"’ and so 
the command is ‘‘%0104."’ The segment 
number (in this case 65) is a parameter to the 
example routine, passed in register 0. The 
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Figure 10. A Dual-MMU Configuration 
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BIT RO, #6 


JR Z, OVER 
SOUTB %0104, RHO 
LD ‘Rl, #%0B04 
JR NEXT 
OVER: SOUTB %0102, RHO 
LD Rl, #%0B02 
NEXT: LD RO, #4 


SOTIRB @R1, @RR2, RO 


descriptor to be written is another parameter to 
this routine: RR2 contains the address in 
memory where this information resides. The 
SOUTB instruction has a similar syntax to the 
SOTIRB instruction explained previously 
except that it writes one byte instead of a 
series of bytes, and the destination I/O address 
is in the instruction itself instead of in a 
register specified by the instruction. 

The routine on this page initializes the Seg- 
ment Descriptor. Its parameters are found in 
Register RO, which contains the segment 
number to be written, and in Register RR2, 
which points to the descriptor information in 
primary memory. Registers RO through R3 are 
used by this routine. 

Now suppose that the user tries to write into 
location < <65> >%9328. This causes a seg- 
ment trap both because of the write to a read- 
only segment and because the access exceeds 
the segment limit. At the end of the instruction 
that has the illegal memory access, the CPU 
acknowledges the trap. During the trap 
acknowledge cycle, MMU #2 asserts AD)9 
(assuming its ID field is 010") and this infor- 
mation is placed on the system stack for the 


!Test to see if Descriptor Register is in MMU #1! 
lor MMU #2! 


1Set SAR in MMU #2! 


{Prepare to write descriptor! 


{Set SAR in MMU #1! 


!Prepare to write descriptor! 


!Load count field—4 bytes! 
!Write descriptor! 


trap-handling routine. 

The trap-handling routine reads the violation 
information registers from the MMU. The viola- 
tion type register contains ‘‘%05" indicating 
both a length violation and a read-only viola- 
tion. The Violation Bus Status Normal Register 
contains “%28". The first nibble indicates a 
write in Normal Mode was in progress and the 
second nibble indicates a memory data access 
cycle was in progress. The violation segment 
register contains ‘%41” indicating segment 1 
of MMU #2 caused the violation (which is seg- 
ment number 65), and the violation offset 
register contains “%93" indicating the high- 
order byte of the logical address offset. The 
operating system can then issue an error 
message to the user indicating a read-only 
violation to segment 65. Using the program 
counter that was stacked when the segment 
trap was acknowledged, the system can also 
indicate the next instruction that was to be 
executed. Note that in this system the low- 
order byte of the violation offset is lost. This 
condition is corrected in the next example 
system. 
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Figure 11. 16-MMU Configuration 


Figure 11 gives a high-level diagram of the 
second system to be discussed. This configura- 
tion contains 16 MMUs, and the A/D lines 
select the appropriate MMU when in Com- 
mand mode. The major innovation in this 
example, aside from the additional MMUs, is 
the latch that retains the least significant byte 
of an address offset when a violation is 
detected. This latch is enabled when a seq- 
ment trap is generated by an MMU and holds 
the low-order byte of the address that 
generates an access’ violation. 

In addition, external decoding logic for 
selecting one MMU Chip Select line is indi- 
cated. Seven MMUs is the limit in one con- 
figuration without additional decoding logic 
for selecting one MMU Chip Select line. (The 
reason why ADg cannot be used to control an 
eighth MMU is due to the Special I/O input 


convention of the CPU. When the CPU inputs 
a byte of information and ADp is asserted, the 


data is taken from ADp-AD7, which are not 
driven by the MMU.) 


Switching Tables in a 16-MMU System. 

The 16-MMU configuration can support a 
memory management system designed with two 
MMuUs permanently allocated to the operating 
system and the olliers allocated in pairs to dil- 
ferent user tasks. Thus, seven user tasks can 
have translation tables resident in the 14-user 
MMuUs, and switching between active tasks 
requires the appropriate MMUs to be enabled 
and disabled. This selection process can be 
effected by manipulating the Master Enable 
(MSEN) flags in the mode registers of the 
appropriate MMUs. 
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Examples The routine performs the selective enabling ADp-AD7; MMU Selected 
(Continued) of MMUs required by a task swap. This routine System: 02 #1 ID=0, URS=0 
disables all user MMUs (thus disabling the cur- 04 #2 ID=1, URS=1 
rently enabled user MMUs), then enables the User 0: ie és nae ee 
appropriate pair. (The system pair is always Guan 18 45, ID= 2. URS — 5 
enabled.) The code selecting the new task is 10 46, ID=3, URS=1 
passed in register Rl; it contains %n, if task n sano: 28 #7, ID=2, URS=0 
is to be dispatched. 30 #8, ID=3, URS=1 
Two peculiarities of this example are worth 
noting. First, each user ID number cor- 
responds to seven MMUs (for example, all ; 
nares user ae. The SANE Trap il - ie mos ee 
processing routine has to take this into 
account. Second, the Chip Select code 1s It is also assumed that %F8 will select all 
assumed to be as follows: user MMUs. 
CLR RO !Clear RO! 
SOUT %00F8,RO !Disable all user MMUs by clearing their mode registers! 
SLA R1,#1 {Multiply Rl by 2—the number of bytes in a memory word! 
LD R1,TABLE(R1) !Get the command word (opcode always %00) for user n, 
URS = 0! 
LDA RR2,DATA !Get the new mode register bit pattern (%DA)! 
SOUTIB @R1,@RR2,RO !Send %DA to lower-range MMU and increment RR2 to 
DATA +1! 
INC Rl, #8 {Command word for URS = 1! 
SOUTIB @R1,@RR2,RO [Send %FB to upper range MMU! 
END: 
DATA: BYTES(%DA,%FB) !Mode register bit patterns! 
TABLE: WORDS (%8,%18,%28,%38,%48,%58,%68) 
Program to Switch Tables 
MMU Opcode Operation Opcode Operation 
Command 
Summary 00 Read/Write Mode Register OC Read/Write Base Field And 
Ol Read/Write Segment Address Increment SAR 
Register OD Read/Write Limit Field And 
02 Read Violation Type Register Increment SAR 
03 Read Violation Segment OE Read/Write Attribute Field 
Number And Increment SAR 
04 Read Violation Offset (high OF Read/Write Descriptor And 
byte) Increment SAR 
05 Read Bus Cycle Status Register 10 Reserved 
06 Read Instruction Segment 1] Reset Violation Type Register 
Number 12 Reserved 
O7 Read Instruction Offset (high 13 Reset SWW Flag In VTR 
byte) 14 Reset FATL Flag In VIR 
08 Read/Write Base Field In 15 Set All CPU-Inhibit Flags 
PeSCHD IO! 16 Set All DMA-Inhibit Flags 
09 eee Limit Field In 17-1F Rasaried 
escriptor , 
OA coh aaa Attribute Field In - ASU eres saa 
escriptor 
OB Read/Write Descriptor (all ara pees 
fields) 
OU 2049 A 
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High-Reliability 
Microcircuits 


Military Specification 


Zilog Standards 

June 1982 
General Zilog offers high-reliability versions of the MIL-STD-833, method 1011, Condition C 
Description entire family of Z80 and Z8000 logic circuits, (-65°C to + 150°C). For industrial users, Zilog 


processed in accordance with the requirements 
of MIL-STD-833 level B (Test Methods and Pro- 
cedures for Microelectronics). The Z80 and 
Z8000 Families are currently in the process of 
qualifying for inclusion in the MIL-M-38510 
Qualified Products List. 


General Considerations. Zilog high-reliability 
microcircuits are designed to meet the full 
military temperature range of -55°C to 

+ 125°C and are packaged in hermetic dual- 
in-line packages. These packages can reliably 
withstand the thermal shock requirements of 


Test Condition 


SEM Inspection — 
Precap Visual — 
Seal and Lot I.D. — 
Stabilization Bake 48 hrs. @ 150°C 


Temperature Cycling 10 cycles 
Centrifuge Y, Plane 
Fine Leak — 
Gross Leak —_ 
Electrical Test Per Zilog Data Sheets 
Burn-In 168 hr. 
240 hr. 

Final Electrical 25°C, =55°C, 

and +125°C 


Radiographic Inspection As required 


External Visual — 


offers an extended operating temperature 
range of —40°C to +85°C. All of Zilog’s high- 
reliability microcircuits receive 5005 process- 
ing in accordance with the requirements of 
MIL-STD-833 level B or C (as specified). Table 
1 lists the screening tests performed on the two 
levels. An X indicates that the test is per- 
formed 100% of the time and a Z indicates that 
the test can be done upon request. Table 2 
lists the Zilog products available with the 100% 
testing process shown with X's in Table 1. 


MIL-STD-883 Class 
Method Condition B Cc 
2018 — Z Z 
2010 B X X 
— — X X 
1008 C X X 
1010 C X X 
2001 E X X 
1014 A X X 
1014 C X X 
— — X X 
1015 160 hrs. X _ 
1015 240 hrs. Z — 
— — X X 
— — X X 
2012 — Z Z 
2009 — X X 


NOTES: S = Sample testing only, X = 100% testing, Z = Optional (tested if requested). 


Table 1. Total Lot Screening 
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General 


Mil Temp Extended 
Description Product* Speed Range Temp Range 
onenued) 780 CPU 2.5 MHz Yes Yes 
Z80A CPU 4.0 MHz Yes Yes 
Z80 PIO 2.5 MHz Yes Yes 
Z80A PIO 4.0 MHz Yes Yes 
Z80 SIO 2.5 MHz Yes Yes 
Z80A SIO 4.0 MHz Yes Yes 
Z80 DMA 2.5 MHz Yes Yes 
Z80A DMA 4.0 MHz Yes Yes 
280 CTC 2.5 MHz Yes Yes 
Z80A CTC 4.0 MHz Yes Yes 
Z8001 CPU 4.0 MHz Yes Yes 
Z8002 CPU 4.0 MHz Yes Yes 
*NOTE See Ordering Information for package and temperature designators. 
For Qualified Product Listings availability call the Military 
Assurance Program Office 
Table 2. High-Reliability Products Available 
Manufac- Zilog high-reliability microcircuits are all materials, utilities, and work-in-progress 
turing and processed and assembled in accordance with meet Zilog requirements. 
Process the Zilog Product Assurance Program Plan, Rigid requirements for the cleanliness of 
Controls which conforms to the requirements of 


Appendix A of MIL-M-38510. The following 
are some of the items contained in the plan: 


@ A clear, concise procedure for converting a 
customer specification to a Zilog internal 
specification, assuring the customer that 
parts received meet or exceed specified 
requirements. The converted document con- 
trolled by Zilog document control. 


m@ A formalized training and testing program 
for all operator and inspection personnel to 
ensure that each operation is performed 
correctly. 


m An inspection system that includes a com- 
plete Incoming Inspection Laboratory, a 
Chemical Analysis Laboratory, and a 
Failure Analysis Laboratory to assure that 


work areas and the maintenance of a Class 
100 environment at all stations where 
critical operations are performed. 


m A document control system to control 


changes in design, materials, and pro- 
cesses. 


m A system for maintaining documents and 


records in active files for three years and in 
archive files for ten years. 


@ An instrument maintenance and calibration 


system complying to the requirements of 
MIL-STD-45662 (Calibration System 


Requirements). 


mw A quality audit system in accordance 


with MIL-Q-9858 (Quality Program 
Requirements). 
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Package Dimensions 


Package Dimensions 


Zilog 

June 1982 
Package This table summarizes the microprocessor further information on specific components, 
Summary components available from Zilog by number of see the Ordering Information section of each 


pins and package type. Following the table are product specification. 
detailed drawings for each package type. For 


Pins Package Component Pins Package Component 
18 Ceramic, Cerdip, Plastic Z8581 Clock Gener- 40 Protopack Z8093 Z8000 Z-UPC 
ator and Controller 28094 Z8000 Z-UPC 
28593 UPC 
28 Ceramic, Cerdip, Plastic Z8430 Z80 CTC 78594 UPC 
28 Leadless Carrier, Ceramic 7Z8430 Z80 CTC Z8603 Z8 MCU 
40 Ceramic, Cerdip, Plastic Z8002 Z8000 CPU 28613 28 MCU 
Z8030 Z8000 Z-SCC 44 Leadless Carrier, Ceramic Z8002 Z8000 CPU 
Z8036 Z8000 Z-CIO Z8030 Z8000 Z-SCC 
Z8038 Z8000 Z-FIO Z8036 Z8000 Z-CIO 
Z8090 Z8000 Z-UPC Z8038 Z8000 Z-FIO 
Z8400 Z80 CPU Z8400 Z80 CPU 
28410 Z80 DMA 28410 Z80 DMA 
Z8420 Z80 PIO 28420 Z80 PIO 
Z8440 Z80 SIO/O 28444 Z80 SIO* 
‘78441 Z80 SIO/1 28530 SCC 
28442 Z80 SIO/2 28536 CIO 
eel ce ae le 48 Ceramic, Plastic 78001 28000 CPU 
eo OZ DASE 78010 28000 Z-MMU 
Z8530 SCC 
28536 CIO 52t Leadless Carrier, Ceramic Z8010 Z8000 Z-MMU 
78538 FIO Z8001 Z8000 CPU 
28590 UPC 
Z8601 Z8 MCU 
Z8611 Z8 MCU 
Z8671 Z8 MCU 
28681 Z8 MCU 
*NOTE Asa result of size of package, all three SIO versions are t 52-pin Leadless Carrier Diagram unavailable at time of 
included in one version, the Z8444 publication. 
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Package 18 10 
Dimensions 
(Continued) 


LEAD NO. 1 
INDENT 


0.185 
MAX 


0.910 
MAX 


i — 


0.040 
+ 020 | 
0.010 
+002 
0.300 0.018 
ie REF a | r) +.003 
I 
ae 0.100 0.045 


18-Pin Ceramic Package 


aa | ee 
GLASS aide ey 
18 10 
0.305 
MAX 
1 9 


<.060 MAX 
MIN BOTH ENDS 
0.100 0.056 0.018 
+.010 +.003  +.003 
TYP TYP TYP 


18-Pin Cerdip Package 


NOTE: 
0.031 RADIUS 18 10 
NOTCH ALT. 


18-Pin Plastic Package 


NOTE. Package deminsions are given in inches. To convert to milimeters, multiply by 25.4. 
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Package 
Dimensions 


PIN 1 
IDENTIFICATION 


0.040 ~ 207 typ 
0.530 0.185 0.095 002 


MAX MAX MAX 


0.012 
0.008 
|_____ 0.600 | 0.125 
REF MIN 
0.060 

0.020 oe 
ot) 
28-Pin Ceramic Package a 
ay 
“ie g 

GLASS 26 15 
4 
0.550 B 

MAX 

E 
5 

1 14 

1.480 
MAX 
0.620 0.230 0.056 
. | MAX SEALING GLASS ae ha 


P = 
oso | ates : --GAMMAKS +} Soe le Ss 


28-Pin Cerdip Package 


0.062 
RAD 


0.620 
ie 0.600 
0.015 
0.009 
oer same lle | 
—.015 0.100 0.018 0.050 MIN 
; TYP +.003 TYP TYP 


28-Pin Plastic Package 


Package 
Dimensions 
(Continued) 


PIN 1 
IDENTIFICATION 


| 0.600 ; 0.125 es 0.050 al a 0.100 _ LL 0.018 
REF +.015 BOTH ENDS 


40-Pin Ceramic Package 


GLASS a0 21 
Be i as a sl le lg es DO 


20 


2.080 
MAX 


0.056 


0.620 ae SEALING GLASS  +.003 
MAX TYP 
y [| 


0.100 MAX 0.100 
BOTH ENDS a =e ols ve 
0.040 


40-Pin Cerdip Package 


NOTE. Package deminsions are given in inches. To convert to milimeters, multiply by 25.4. 
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Package 
Dimensions 
(Continued) 


- 


0. 


01 


5 


° 


© 


0.620 
0.600 


0.610 


= 


Nieatenl 


0.720 0.598 
MAX MAX 


PIN 1 
IDENTIFICATION 


40 24 


0.150 
0.050 MAX 


: 0.110 0.021 
"0.060 0.090 —+| + 9.084 


40-Pin Plastic Package 


21 


ICI | 
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2.020 MAX 


_ 0.050 + .020 
ee 0 1 aaa 


0.185 
MAX 
0.300 
MAX 
0.040 | 
+ 020 
| _,I| 0.018 
—»| |<—0.050 +.015 BOTH ENDS <—+ .003 0.125 
—" 0.100 + .010 TYP TYP) =-_»|  |«—0.040 + .007 TYP MIN 
1.900 ~.002 
REF 


40-Pin Protopack Package 


“— 9.040 0.125 
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Package 


Dimensions 
(Continued) 
PIN 1 
IDENTIFICATION 
TYP 
: 0.600 | 0.125 2h Hee dl | 0.100 me | 0.018 
REF MIN 9 + rn BOTH ENDS <~ + 010 TYP “<~ + 003 TYP 
0.060 
0.020 


48-Pin Ceramic Package 


0.062 
RADIUS 


0.620 
15° 0.600 0.155 
4PLACES|| /* 0.145 
0.018/0.015 RAD. TYP. | 
285 TUL 


a ee PTT TTT TTT TT 


TYP. 


48-Pin Plastic Package 


NOTE Package deminsions are given in inches To convert to milimeters, multiply by 25 4 
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Package 
Dimensions 
(Continued) 


0.458 SQ. 0.050 
0.442 SQ. TYP: 
0.409 SQ. = 9.013 
0.39980. ~}| 9 |" MAX. aco IVE 
— >| |<— 0. . 
- on =o. + |— 0.070 | | 0.040 x 45° 
MAX. 15 16 TYP. 3 
| 19 
24} 
0.093 MAX. 
METALIZATION \, sien ee 
ONE CORNER ONLY x 45° 


0.036 


MIN. | [7 —>||<— 0.025 TYP. 


28-Pin Leadless Package 


0.662SQ,_ 0,077 
0.640 SQ "| 1 0.054 
0.528 SQ. 0.013 
0.492SQ.. 1 0.014 0.085 
0.020 x 45°REF. —>| |«—Sue2 
0.475 SQ. x 0.065 
ae, WOUGUUbUUU YE 
6 18 
1 23 
44 
40 28 
0.056 0.058 
0.040 "| |[~ __ ||, 0.025 ~| [0.042 


44-Pin Leadless Package 


TYP. 3 REF. 


Board Products 
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The Z80 MCB family of bus- 
compatible microcomputer boards 
features powerful performance and 
application flexibility at a low total 
systems cost. For every application, 
from a single-board solution to a high- 
performance board set, the MCB family 
provides the right combination to easily 
solve most microcomputer system 
problems. 


Performance. The powerful architec- 
ture of the Z80 Central Processing Unit 
(CPU) is at the heart of the MCB 
family. The dual-register set of the Z80 
CPU allows high-speed interrupt pro- 
cessing, context switching and other 
forms of foreground/background pro- 
gramming. Each register set includes 
an 8-bit storage register which can also 
be used as three 16-bit memory 
address or general-purpose registers. 
Two index registers provide greater 
memory addressing capability. A 16-bit 
external stack pointer permits 
unlimited subroutine nesting and tem- 
porary data storage. In addition, the 
CPU features vectored interrupts and 
supports dynamic memories requiring 
periodic refresh. 


Economy. Because each Z80 micro- 
computer board provides a large 
number of functions within a con- 
venient and compact size, imple- 
menting an MCB family solution 
requires fewer boards and less space 
than comparable alternatives. Fewer 
boards mean lower power consump- 
tion, lower cost power supply, less heat 
generation and, therefore, lower cool- 
ing costs and greater economy in con- 
nector and other mechanical costs. 
Feature for feature, the MCB family 
adds up—a superior solution with 
unbeatable economy. 


The Problem Solvers for 
Microcomputer Systems 


The Competitive Edge. The time it 
takes from product conception to 
market introduction may mean the dif- 
ference between success or failure. 
Success 1s assured with the Z80 MCB 
family. The boards are compatible, can 
be integrated into a system quickly, are 
easy to learn and use, allow the conve- 
nient addition of last minute features, 
and are available off-the-shelf. 


Proven Design. The MCB family has 
been used in hundreds of applications 
throughout the world, demonstrating 
rehability and performance day after 
day. All Zilog microcomputer boards 
undergo extensive burn-in with both 
pre and post burn-in testing to ensure 
constant performance and reliability. 


Family Members. The Z80 microcom- 
puter board family includes powerful 
CPU and memory boards as well as a 
variety of versatile, high-performance 
I/O expansion boards. The Z80 
Microcomputer Board (MCB) 1s a com- 
plete single-board microcomputer with 
its own self-contained memory plus 
serial and parallel I/O ports. The Z80 
Memory and Disk Controller (MDC) 
adds up to 48K bytes of system memory 
and interface for up to eight floppy 
disk drives. The Z80 Serial Interface 
Board (SIB) provides four high- 
performance serial interface channels 
to solve a variety of data communica- 
tions problems. Analog interface is 
simplified with the Z80 Analog Input 
Board (AIB) or the Analog Input/Out- 
put (AIO) board—each provides up to 
32 input channels and 12-bit resolution. 
Flexible, parallel I/O 1s provided by 
the Z80 Input/Output Board (IOB) with 
64 I/O lines and a liberal amount of 


‘“wire-wrap’ area to give the user a 
head start on special interface solu- 
tions. Memory expansion 1s easily 
handled by the Z80 RAM Memory 
Board (RMB). It contains both RAM (up 
to 64K bytes) and fixed memory socket 
area, while the Z80 PROM Memory 
Board (PMB) allows up to 32K bytes of 
non-volatile memory. 


16-Bit Power. With the introduction of 
the Z8000 Dual-Processor Upgrade 
Package, the option of upgrading 
Z80-based systems to 16 bits 1s 
available. The Z8000 CPU-based board 
provides complete software develop- 
ment tools and 256K bytes of 
RAM-—and still allows existing Z80 pro- 
grams to run. 


Make vs Buy. The make vs buy deci- 
sion impacts both strategic and 
economic issues including new product 
introduction schedules, product 
reliability, text fixture design, resource 
allocation, spare parts inventory, field 
maintenance and many others. These 
issues all involve hidden costs and 
potential product development delays. 
When all costs are considered, 1t is 
often more economical to purchase, 
rather than manufacture, micro- 
computer boards. 

Purchasing microcomputer boards 
for initial production quantities and 
later switching to in-house manufacture 
of these boards provides an effective 
compromise solution. Zilog supports 
this approach by lhcensing the 
manufacture of 1ts microcomputer 
boards. The high front-end manufactur- 
ing costs can thereby be postponed 
until the success of the product is con- 
firmed by market acceptance. 


Zilog 


@ Complete, Powerful Single-Board 
Solution 


M@ 16K or 4K Bytes RAM 
@ Industry Standard Serial Interface 
M@ Convenient, Flexible Parallel I/O 
lM Low-Power 5 V Operation 
M@ Many User Options 

@ Programmable baud rates 

@ Relocatable address paging 

@ Variable I/O port assignments 


OVERVIEW 


The Z80 Microcomputer Board 
(MCB) is a complete single-board 
microcomputer adaptable to a wide 
range of applications. As either a 
stand-alone board or as the heart of a 
system of bus-compatible boards, the 
MCB provides the essential system 
functions. Built from Zilog’s widely- 
used Z80 Central Processing Unit 
(CPU) and other Z80 peripheral com- 
ponents, this board provides serial and 
parallel I/O, 4K or 16K bytes of 
dynamic RAM and provision for up to 
4K bytes of E/P/ROM all on a compact 
7.7 X 7.5 in. circuit board. 

All address, data and contro! lines 
are fully buffered to standard TTL 
levels for easy expansion with other 
boards in the Z80 MCB family. The 
MCB employs an on-board dc-dc con- 
verter to allow operation from a single 
+5 V power supply; the converter cir- 
cuit generates the +12 V and —5 V 
necessary for the dynamic RAM array 
and — 10 V for serial communication 
interface. 
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FUNCTIONAL DESCRIPTION 


Central Processing Unit. The MCB is 
controlled by the Z80 CPU with 158 
instructions including 16-bit arithmetic, 
block moves and block I/O, bit 
manipulation and versatile addressing 
modes. This powerful set of instructions 
provides programming ease and, for 
convenient portability, contains all 
8080 instructions as a proper subset. 
The CPU has an operating frequency 
of 2.457 MHz derived from a 19.6608 


MHz system clock and 1s able to exe- 
cute instructions as fast as 1.6 ps. 

The CPU has a powerful and ver- 
satile vectored interrupt capability 
which allows identification of up to 128 
unique interrupt service subroutines 
without additional hardware. See the 
Z80 CPU Product Specification for 
additional information. 
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Memory —RAM Array. The MCB 
includes a dynamic Ramdom Access 
Memory (RAM) array of either 4K or 
16K bytes. A unique refresh register in 
the CPU sends a new refresh address 
to the memory array after each op code 
fetch; therefore, automatic refresh 1s 
transparent and no wait states are 
imposed. This manner of memory 
refresh removes all the disadvantages 
of dynamic memory while still retaining 
economy and speed performance. 

The addressable memory space may 
be located at any 4K byte boundary by 
changing the position of two jumpers 
on the board. Systems requiring addi- 
tional fixed memory, such as the 
Z80® PROM Memory Board (PMB) can 
thereby obtain a large block of con- 
tinuous address space starting at zero. 
This same memory paging scheme 
generates a RAM SELECT signal 
routed to the array by a pair of connec- 
tors. Thus, external hardware may be 
used to disable the memory for bank 
selection. Figure 1 shows the memory 
addressing for the MCB/4 and 
MCB/16. 


(HEX 
ADDRESS) 


MCB 4 MCB 16 


Figure 1. Memory Addressing 
for MCB/4 and MCB/16 


Memory — E/P/ROM Array. The MCB 
includes four 24-pin sockets that can 
accommodate up to 4K bytes of non- 
volatile memory. The type of memory 
device to be used—Erasable Program- 
mable Read Only Memory (EPROM), 
Programmable Read Only Memory 
(PROM) or Read Only Memory 
(ROM)—can be selected by changing 
the jumper wires. Although the MCB 
dc-dc converter generates the voltages 
required by P/ROM arrays, it cannot 
deliver sufficient current from these 
outputs to drive EPROM devices. When 
2708 or 2704 EPROMs are used, exter- 
nal supplies must provide the required 
voltages. This option is easily 
implemented by selecting the 
appropriate jumpers on the board. 
Table 1 lists devices that can be used 
in these sockets. The standard board 
configuration is for the 2708. 


Non-Volatile Device 
Memory Number 
MOS 2704 8704 
E/PROM 2708 8708 
2716 2316 
6341 
Bipolar 6381 
P/ROM 825181 
825191 


Table 1. Non-Volatile Memory Devices 


As with the RAM array, addressing 1s 
designed to allow the user to relocate 
the E/P/ROM array to any 4K byte 
boundary within the address range of 
the CPU. A ROM SELECT output 
signal and corresponding input con- 
tacts on the edge connector allow the 
user to implement shadow E/P/ROM or 
select an alternate PROM set. 


Counter-Timer. The Z80 CTC contains 
four independent 8-bit counter chan- 
nels which can be programmed by 
system software for a broad range of 
counting and timing applications. One 
of the four channels is used as a baud- 
rate generator for serial interface; the 
additional channels can be used to 
satisfy other system requirements. 

Each of the four channels may be 
decremented either from an external 
input in the counter mode or from a 
prescaled version of the system clock. 
Upon reaching zero, a pulse is 
available from three of the channels 
and interrupts may be generated by all 
four channels if they are programmed 
to do so. The device will supply an 
interrupt vector indicating which chan- 
nel is causing the interrupt. The four 
independent input lines are each 
available on a separate position of the 
edge connector. The input signal may 
serve as a positive or negative trigger 
for the timer mode or as the actual 
event to be counted. Each output may 
be used as the input or trigger to a 
subsequent channel in order to achieve 
long time delays. 

If an external device must cause an 
interrupt to indicate a status change, 
one channel of the CTC can be used as 
a vectored interrupt generator by pro- 
gramming 1n a time constant of 1 and 
driving the input trigger with a transi- 
tion signal from the external device. 
Thus, when no other parallel data need 
to be transferred, interrupts can occur 
without using the PIO strobe line. 

The output of channel 1 serves as the 
transmit and receive clock for the 
USART, providing a convenient way to 


implement software programmable 
baud rates. This signal is routed to the 
edge connector of the board and 1s 
returned on a separate contact. Conse- 
guently, channel 1 of the CTC may be 
used as either the USART clock or in 
the user's application, depending on 
edge connector wiring. See the Z80 
CTC Product Specification for details. 


I/O Capability. The MCB provides 
both parallel and serial I/O via a 
Counter-Timer Circuit (CTC), Parallel 
Input/Output (PIO) device and a 
Universal Synchronous/Asynchronous 
Receiver/Transmitter (USART). These 
devices occupy eleven locations of 
port-assigned I/O space as shown 1n 
Table 2. Jumper options allow reloca- 
tion of the I/O devices within the port- 
assigned address space. 


MCB I/O PORT ASSIGNMENTS 


FUNCTION PORT 
CTC Channel 0 D4 
CTC Channel 1 D5 
CTC Channel 2 D6 
CTC Channel 3 D7 
PIO Port A Data D8 
PIO Port B Data D9 
PIO Port A Control DA 
PIO Port B Control DB 
Switch Register DD 
USART Data DE 
USART Status/Control DF 


Table 2. MCB Port Assignments 


Serial I/O. A serial data communica- 
tion channel provides support for 
either asynchronous or synchronous 
data transfer with either half- or full- 
duplex signaling. Driver and receiver 
devices are included to provide RS- 
232C compatible interface to passive 
20 mA equipment simply by relocating 
two jumpers and attaching the serial 
line to the appropriate locations on the 
edge connector. 

Although the 8251 USART 1s design- 
ed for polled operations, it is possible 
to utilize the mode 2 interrupt structure 
of the CPU by coupling the transmitter 
ready and receiver ready lines from 
the USART to the input lines of the 
parallel I/O device. The baud-rate 
clock is derived from the 19.6608 MHz 
crystal oscillator and channel 1 of the 
CTC device. This allows baud-rate 
selection under program control as 
shown in Table 3. 
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BAUD TIME As an alternative to the on-board 
RATE CONSTANT clock, user-selected jumpers allow 
30 96 independent transmit and receive 
75 64 clocks from external sources to be 
110 AA applied directly to the USART. A 
150 Ce. single external clock operating at twice 
200 24 the desired frequency may be applied 
300 16 to the on-board wave-shaping flip-flop, 
600 8 thus providing a clean, reliable clock 
1200 4 signal. 
2400 2 
4800 ] Parallel I/O. The Z80 PIO contains two 
9600 4 Cantey independent 8-bit parallel I/O ports. It 
she : \ Mode can be configured by the CPU to 


Table 3. Programmable Baud Rates 
for Serial I/O 


operate in any of four major 
modes—input, output, bidirectional or 
control. Data direction characteristics 


can be programmed individually or in 
byte configuration. Each byte has two 
independent handshake lines for com- 
pletely asynchronous data transfers 
with any general-purpose interface. To 
allow maximum flexibility for the user, 
the 16 PIO data lines and four hand- 
shake lines are totally uncommitted. 
Also, four 16-pin IC sockets may be 
wired to accept any necessary logic 
device or terminator package. See the 
Z80 PIO Product Specification for 
details. 


SYSTEM 
BUS 


CTC I/O 


4K OR 16K BYTE 
RAM SPACE 
0 TO 4K BYTE 
ROM, PROM, EPROM 
SPACE 


280 CPU 


SERIAL W/O (RS-232C OR 20MA CURRENT LOOP BUFFERED) 


BUFFERED 
ADDRESS BUS 


a 


PORT 
DECODE 


DIP 
SWITCH 


Z80®° MCB Block Diagram 
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SPECIFICATIONS 


Processor Serial I/O Channels Connectors 
Zilog Z80 CPU 1 Channel — RS232C or 20 mA Current 122-Pin Edge (100 mil spacing) 
Operating Frequency Loop Power 
2.5 MHz Serial Modes +5 V +5% @ 2 A (max) 
RAM Array Synchronous or Asynchronous (with 3 PROMs) 
MCB/4 4K x 1 RAMs, tac = 250 ns Data Rates Environmental 
MCB/16 16K x 1 RAMs, tac = 250 ns 50 to 38.4K Baud Temperature 0 to 50°C 
E/P/ROM Sockets Parallel I/O Lines Humidity 0 to 90% noncondensing 
Four 24-Pin Sockets 16 Lines with 4 Handshake Lines Physical 
Height 7.5” (191 mm) 
E/P/ROM Types i 
E/PROM 2704, 2708 or Equivalent aah aon) 
P/ROM 6341,6381,825181,825191 or 
Equivalent 
ORDERING INFORMATION 
Part No. Description Part No. Description Part No. Description 
05-6009-01 MCB/4 05-6009-02 MCB/16 05-6009-19 MCB/ 16 
Z80 Microcomputer Z80 Microcomputer Z80 Microcomputer 
Board with 4K bytes Board with 16K bytes Board with 16K bytes 
RAM RAM RAM for use with 


RIOTMoperating system 
software 
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Z80° RMB 
Z80 RAM Memory Board 


li Product 
Zilog Description 


June 1982 


@ Automatic Refresh by CPU for 
Simple, Fast System Operation 


@ Low-Cost, High-Performance 
Dynamic Memory 


M@ 8K Bytes of E/P/ROM Sockets 
Available for Flexible Memory 
Arrangement 


@ User-Selected Address Boundaries 


M@ On-Board dc-dc Converter Allows 
Low-Power Operation 


@ Compatible with All MCB Family 2 
Microcomputer Boards ; 


OVERVIEW 


The Z80 RMB RAM Memory Board - 
provides system memory expansion for 
the MCB family of microcomputer 
boards. Containing both RAM as well 
as sockets for E/P/ROM memory, the , ’ 
RMB board provides a flexible means il Swe de 
of implementing additional system : 
memory. Each board contains a dc-de 


Location of the memory array may be selected bank dissipates active power. 
sats Piet generates 72 ane altered by the user. The RAM chip- The address select PROM is socketed 
—5 V bias voltages, thereby allowing 

select logic allows each 4K segment to so that it may be easily replaced by the 

operation from a single +5 V system ; 

have a starting address at any of 16 user for address reassignment. 
power supp, boundries within the 64K of 

Se ee re Oe chy PROM Sockets. The RMB contains 

FUNCTIONAL DESCRIPTION ee ae anes Chip eight 24-pin sockets that may be used 

selection is accomplished by using a ; ; 
Address Map. The RMB memory PROM decoder to select the Row ora vec a Saba nai 

ies Through selection of appropriate 
address selection is completely compat- Address Strobe (RAS) signal to the 
j jumpers the socket area can be con- 
ible with the MCB microcomputer appropriate bank of devices. This ' 
figured to accept the device types 

board. Figure 1 shows the memory method of bank selection minimizes hou: Table] 
map for the RMB/16 and RMB/48. overall system power since only the ; 
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RMBI16 RMBI4E 


td -RMB MEMORY 


O -MCB/16 MEMORY 


Figure 1. RMB Memory Map 


Non-Volatile Device 
Memory Number 
MOS 2704 8704 
E/PROM 2708 8708 
2716 2316 
6341 
Bipolar 6381 
P/ROM 825181 
825191 


Table 1. Non-Volatile Memory Devices 


Chip selection is accomplished by 
means of a PROM decoder, supplied 
socketed and unprogrammed so that 
the user has complete flexibility in its 
application. When using EPROM 
devices the —5 V and +12 V 
requirements must be supplied from a 
source external to the board. 


Refresh. Although dynamic RAMs are 
used, the RMB does not require any 
additional circuitry for refresh. Unique 


characteristics of the MCB CPU allow 
memory to be refreshed automatically 
and in a transparent mode. Following 
each op-code fetch, a new refresh 
address is available on the system 


MEMORY ACCESS ADDRESS 


Ao-Ais 


address bus while the op-code is being 
decoded within the CPU. The CPU 
does not require wait states; therefore, 
there is no degradation of system per- 
formance (See Figure 2). 


REFRESH ADDRESS 


Figure 2. Automatic Refresh Generation 


RAM 
OUTPUT ENABLE 


ADDRESS BUS 16 


SYSTEM 
BUS 


CONTROL BUS 8 


DATA BUS 8 


PAGE 
DECODER 
AND 
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ROM 
OUTPUT ENABLE 


SELECT 


ADDRESS 


0 TO 64K BYTE 
DYNAMIC RAM 
MEMORY SPACE 


gy INTERNAL 
DATA BUS 


DATA BUS 
BUFFER 
CONTROL 


IN/OUT 


BUFFER 


0 TO 16K BYTE 
ROM, PROM, EPROM 
MEMORY SPACE 


Z80® RMB Block Diagram 


SPECIFICATIONS 


Memory Capacity 
Dynamic RAM 64K 
E/P/ROM 16K 


Memory Size 
Standard Configurations 
16K or 48K RAM 


ORDERING INFORMATION 
Part No. Description 
05-6003-02 Z80 RMB/16 
16K RAM Memory 
Board 
05-0104-00  Z80 RMB/32 
32K RAM Memory 
Board 


Connectors 
122-Pin Edge (100 mil spacing) 


Power 
+5 V +5% @ 1.6 A (max) 


DC-DC Converter Output 
+12 V @ 320 mA (max) 
-5 V @ 50 mA (max) 


Part No. 
05-6003-04 


Description 


Z80 RAM/48 
48K RAM Memory 
Board 


Z80 RMB/64 
64K RAM Memory 
Board 


0S-6003-05 


Environmental 
Temperature 0 to 50°C 


Humidity 0 to 90% noncondensing 
Physical 

Height 7.5” (191 mm) 

Width 7.7" (196 mm) 
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Zilog 


M@ 12-Bit Resolution and High 
Accuracy 


M@ 16 Single-Ended or 32 Differential 
Inputs for Application Flexibility 


@ Fast 45 ms Channel Conversion 


M@ On-Board dc-dc Converter for Con- 
venient Low-Power Operation 


@ Polled or Vectored Interrupt Con- 
trol for Programming Convenience 


M@ Multiple Voltage Ranges for Easy 
Interface 


OVERVIEW 


The Z80 Analog Input Board (AIB) 
provides 16 differential input channels 
that may be configured as 32 single- 
ended channels. Through a combina- 
tion of user-selectable input voltage 
ranges and a programmable gain 
amplifier, input signals ranging from 
millivolts to as high as 10 V can be 
converted to a 12-bit word. In order to 
ensure accuracy and compatibility with 
the other MCB family boards, a 5 V 
dc-dc converter is included as a 
standard feature. 

The Z80 Analog Input/Output (AIO) 
Board has input features identical to 
the AIB except that there are also two 
12-bit D/A output channels, each with 
a wide range of user-selectable output 
voltages. 


280° AIO/AIB 
280 Analog Input/Output 
and Analog Input Boards 


Product 
Description 


June 1982 


FUNCTIONAL DESCRIPTION 
Input Ranges. The AIB and AIO con- 0.0 to 


tain an input multiplexer, an amplifier : 0 to 
whose gain may be altered from 1 to ae e 
1000, and an analog-to-digital con- 10.000 +6 


verter module. Five basic input ranges 
are shown in Zable 1. The bipolar 
inputs are converted into a 12-bit value 
in twos complement format; the 
unipolar inputs are converted into a 
12-bit straight binary value. 


+ 4.9988 V 
+9: 9975'V 
+ 2.4988 V 
+ 4.9975 V 
+ 9.9951 V 


Table 1. Input and Output 
Voltage Ranges 
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Amplifier Gain. Amplifier gain is set 
to 1 but can be changed by a resistor 
substitution according to the following 
formula: 


R= 20 kQ 
~ Gain-1 

Increasing the gain of the amplifier 
effectively allows the input voltage 
range to be scaled by the reciprocal of 
the gain factor. For example, by 
increasing the amplifier gain to 1000, 
an input voltage range of _+2.5 V 
becomes +2.5 mV. As the gain is 
increased the settling time of the 
amplifier will also increase. 

Because the AIO and AIB use a fixed 
timing sequence between channel 
selection and the start of data conver- 
sion, the system delay time must be 
lengthened, via a resistor change, to 
allow for the greater settling time of the 
amplifier at higher gain (see Table 2). 


Amplifier Delay Time Resistance 
Gain ps kQ 
l 20 13.3 
10 30 14.3 
100 40 19.0 
1000 100 47.5 


Table 2. Recommended System Delay 
Time vs Amplifier Gain 


Input Modes. The standard 16-channel 
differential input configuration is 
recommended in areas of common- 
mode noise and for low-level inputs. 
For input signals of 1.0 V or more, a 
32-channel single-ended configuration 
can be jumper selected. 


Equivalent Input Circuit. Source out- 
put impedance has an effect on the set- 
tling time of the multiplexer. The 
formula for the time constant and the 


SOURCE 
RESISTANCE 


MULTIPLEXER 
ON RESISTANCE 


MULTIPLEXER TIME CONSTANT = (Rg + Ron) Co 


Figure 1. Input Equivalent Circuit 


equivalent single-ended input circuit is 
shown in Figure 1. The multiplexer 
must be allowed to settle to +.01% 
(approximately nine time constants) to 
insure accuracy. For high source 
impedance, it may be necessary to 
increase the system delay time beyond 
that shown in Table 2. For the differen- 
tial input configuration, the multiplexer 
time constant is one half of that in 
Figure 1. 


System Interface. The AJO and AIB 
occupy 10 locations within the MCB 
CPU's I/O address space as shown in 
Table 3. Input status, control and data 
are interfaced through a PIO while the 
data for the two output channels is writ- 
ten to a set of 12-bit output registers. 

The location of the port assignments 
may be moved anywhere within valid 
I/O space of the CPU, with the restric- 
tion that both the PIO and output 
registers must reside within the same 
20H block of I/O addresses. These 
address changes are jumper-selectable. 

Data may be obtained in either a 
polled or fully vectored interrupt 
mode. The mode is selected entirely by 
software control. 


Output Ranges. The AIO board is 
configured with two independent 12-bit 
digital-to-analog convertor output 
channels. Output voltage range is 
selectable by the appropriate jumper 
configuration. The available full scale 
output ranges are shown in Table I. 
Output quantities are represented as 
twos complement numbers for bipolar 
ranges and as straight binary numbers 
for the unipolar configuration. 


Function Port 
P10 Port A Data 80 
P10 Port B Data 81 
P10 Port A Control 82 
P10 Port B Control 83 
Address Register 

(Channel Select) 88 
Status Register 89 


DAC] Output (Lo Byte) 8C 
DAC] Output (Hi Byte) 8D AIO 
DAC2 Output (Lo Byte) 8E Only 
DAC2 Output (Hi Byte) 8F 


Table 3. AIO/AIB Port Assignments 


ADDRESS BUS 16 


ADOR 
DECODE 


CNTL 
AND 
TIMING 


SYSTEM 
BUS 


PIO AND 
DATA BUS 
INTERRUPT 


DATA BUS 8 


CHAN STB 


INSTRUMENTATION 


SAMPLE AND AMPLIFIER 
HO 


LD 
AMPLIFIER 


USER 
vo 


12 BIT 


ANALOG 
OUTPUTS 


Z80 AlO/AIB Block Diagram 
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SPECIFICATIONS 


Input Characteristics 
Number of Channels 
32 Single-ended/ 16 Differential 
ADC Gain Ranges 
0-5 V,0-10V, +2.5V, +5 V, 
+10V 
Amplifier Gain Ranges 
1 to 1000 
Max Input Voltage 
+26 V 
Input Impedance 
100 MQ, 10pF OFF Channel 
100 MQ ON Channel 
Bias Current 
20 nA 
Differential Bias Current 
10 nA 
Resolution 
12 Bits 
Throughput Time 
Gain=] 45 ws Channel 
Gain=100 100 ws Channel 
Accuracy 
Gain = 1 +0.025% FSR 
Gain=1000 +0.100% FSR 


Linearity 
+1/2 LSB 
Differential Linearity 
+1/2 LSB 
Quantizing Error 
+1/2 LSB 
Temperature Stability 
Gain = 1] + 30ppm of FSR/°C 
Gain=1000 +80ppm of FSR/°C 
Dynamic Accuracy 
Sample and Hold Aperature 
30 ms 
Aperature Time Vaniation 
+5 ms 
Differential Amplifier CMR 
74 db (de to 1 kHz) 
Crosstalk 
80 db down @ | kHz for OFF 
and ON Channel 


Output Characteristics 
Number of Channels 


2 


Output Voltage Ranges 


0-5 V,0-10V, +2.5V, +5 V, 
+10 V 


Output Current 
5 mA 

Output Impedance 
l 


Resolution 
12 bits 
Output Settling Time 
10 ps (max) 
Accuracy 
Output Accuracy 
+0.0125% FSR 
Temperature Coefficient 
+ 30ppm of FSR/°C 


Connectors 

122-Pin Edge (100 mil spacing) 
Power 

+5V +5% @ 1.6 A (max) 
Environmental 

Temperature 0 to 50°C 

Humidity 0 to 90% noncondensing 
Physical 

Height 7.5” (191 mm) 

Width 7.7” (196 mm) 


ORDERING INFORMATION 
Part No. Description 
05-6075-01 Z80 AIO 


Analog Input/Output Board 


05-6075-02 280 AIB 


Analog Input Board 
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Z80° IOB 
Z80 Input/Output Board 


Product 


Zilog Description 


June 1982 


@ Large User Interface Area for 
Application Flexibility 


@ 64 Data and 16 Handshake Lines 
for Easy Interface 


@ Fully Vectored Interrupt Operation 
Allows Convenient Program 
Design 


@ Port Assignment May Be Altered 
to Allow Several IOBs in a Single 
System 


@ Uses Z80A PIO Devices for Full 
Compatibility with Other 
Members of MCB Family 


OVERVIEW 
The Z80A Input/Output Board (IOB) 


provides system expansion to external 
digital I/O devices. It 1s fully compati- 
ble with other boards in the MCB 
family and provides eight parallel I/O 
ports to augment the two contained on 
the Z80 Microcomputer Board (MCB). 
Designed for user flexibility, the IOB 
contains four Z80A Parallel Input/Out- 
put (PIO) devices, a large pre-drilled 
user interface area, daisy-chain inter- 
rupt priority logic and user-selectable 
port address assignment. 


FUNCTIONAL DESCRIPTION 


The IOB contains four PIO con- 
trollers which provide 64 program- 
mable I/O lines. These lines may be 
configured either as individual data 
lines with independent data direction 
or as groups of eight lines for byte- 
oriented data transfer. The IOB gives 
the user a headstart on special inter- 


face requirements by providing a large 
pre-drilled, pre-etched interface area. 
The hole array 1s spaced on .3” and 
.6" centers in a flexible arrangement 


that accommodates 16-pin, 24-pin or 
40-pin ICs. 


Parallel Input/Output. Each Z80A 
PIO device is a programmable, dual- 
port circuit that provides a TTL- 
compatible interface between 
peripheral devices and the Z80 CPU. 
The PIO interfaces to peripherals via 


two independent general-purpose I/O 
ports designated Port A and Port B. 
Each port has eight data bits and two 
handshake signals, READY and 
STROBE, which control data transfer. 
The READY output indicates to the 
peripheral that the port 1s ready for a 
data transfer; STROBE is an input from 
the peripheral that indicates that the 
data transfer has occurred. In addition, 
the eight output lines from Port B can 
drive Darlington transistors (1.5 mA at 
1: Vi) 
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Operating Modes. Each group of eight 
lines is capable of being programmed 
in one of four modes of operation—byte 
output, byte input, byte input/output 
and bit input/output. 


Input Operation. The PIO device 
allows fully vectored interrupt opera- 
tion with a unigue vector for each port. 
The interrupt ability of each port may 
be enabled or disabled independently 
of the other ports. Interrupt priority is 
established by a hardware daisy-chain . 
arrangement. Each group of lines has a 
fixed position within the priority struc- 
ture; individual lines within each port 
are assigned equal priority. (See the 
Z80 PIO Product Specification for 
details.) 


Port Assignments. By jumper place- 
ment, the four PIOs can be placed in 
any of eight 32-byte address ranges 
allowing the system to be easily con- 
figured and expanded. 


CONTROL BUS 6, ' DATA BUS 
BUFFER 
CONTROL 


BUS 


SYSTEM DATA BUS 8 DATA BUS ; 
BUS BUFFER 


sseus ADDRESS Z80A PIO 
DECODER INTERNAL CONTROL BUS (3) Fe on eet 
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. 
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280A PIO 
(0) 
PORT B 


be tl 280A PIO a: 
(1) 
UNIVERSAL 
PIO 


INTERFACE 
AREA 
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SPECIFICATIONS 
I/O Lines 
64 Programmable 


Operational Modes 
Input, Output, Bidirectional, Bit Control 


Handshake 
8 Ready and 8 Strobe Lines 


Interrupt Vectors 
8 


I/O Port Locations 
16 User-selectable within 1-of-8 Blocks 


Output Voltage 
HIGH 2.4 V (min) @ 250 mA Output 
Current 
LOW _ 0.4 V (max) @ 2.0 mA Sink 


Current 


Darlington Drive Current 
Port B of Each PIO 
3.8 mA (max) @ 1.5 V 


Input Voltage 
HIGH 2.0 V (min) 
LOW _ 0.8 V (max) 


Connectors 
122-Pin Edge (100 mil spacing) 


Power 
+5 V +5% @ 0.5 A (max) 
(without user ICs) 


Environmental 
Temperature 0 to 50°C 


Humidity 0 to 90% noncondensing 
Physical 

Height 7.5” (191 mm) 

Width 7.7” (196 mm) 


ORDERING INFORMATION 
Part No. Description 
05-6006-03 Z80 IOB 


Input/Output Board 
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280° SIB 
280 Serial Interface Board 


Zilog 


Product 
Description 


June 1982 


@ Industry Standard RS-232C 
Interface 

@ Polled or Fully Vectored Interrupt 
Control for Maximum Program 
Flexibility 

@ Single +5 V Operation 

@ Fully Compatible with Zilog’s 
MCZ-1 Series Microcomputers and 
PDS 8000™ Product Development 
System 

M@ Error Detection for Reliable 
Message Handling 

M@ Four Powerful, Flexible Data 
Channels 


OVERVIEW 
The Z80 Serial Interface Board (SIB) 


1s a multiple channel serial com- 
munications interface with a variety of 
powerful, convenient features. Four 
independent channels, provided by 
8251 USART devices, allow syn- 
chronous or asychronous data transfer 
with either half or full duplex signal 
handling. All four channels have 
drivers and receivers for RS-232C 
system interface and one will also 
accommodate a 20 mA current-loop 
interface. A dc-dc converter 
generates all necessary voltages from a 
single +5 V supply. An on-board 
crystal oscillator provides communica- 
tion timing independent of the system 
clock. 


FUNCTIONAL DESCRIPTION 


The four SIB channels are capable of 
independent operation 1n either asyn- 
chronous or synchronous protocols. 
The system program may initiate and 
control either mode by selecting the 
appropriate command words. Both the 


transmitter and receiver sections are 
double-buffered for maximum perfor- 
mance and convenience. All data 
transfer status signals, such as TxRDY 
and RxRDY, are available in a read- 
able status register or as external 
signals so that either polled operation 
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or full interrupt control may be 
selected by the user under software 
control. In addition to the normal data 
transmission, each channel can 
generate break signals and be indivi- 
dually reset under software control. 


Asynchronous Mode. In the asyn- 
chronous mode, the system program 
controls the number of data bits (5, 6, 
7, or 8), the number of stop bits (1, 
1%, or 2,) and the sense of parity pro- 
tection (even or odd) if enabled. Each 
channel has a programmable baud rate 
factor of 1, 16, or 64 controlling the 
relationship between the transmitted or 
received data rates and the frequency 
of the baud rate reference clock. See 
Figure 1 for a description of the asyn- 
chronous mode control word. Error 
detection signals are available for each 
channel and may be read from the 
channel status register; these signals 
include parity error (PE), framing error 
(FE), and receiver overrun error (OE). 
Figure 2 describes the channel status 
register. 


Synchronous Mode. In the synch- 
ronous receive mode, character synch- 
ronization may be obtained from an 
external device or internally from the 
received data stream. The nature of the 
SYNC connection for each channel is 
programmed as either an input when 
the channel is expecting an external 
sync signal or as an output to identify 
that sync has been achieved. In addi- 
tion, each channel may be pro- 
grammed to operate with either single 
or double synchronizing characters. 


Timing. The transmitter and receiver 
clocks for each USART channel can be 


derived from either the on-board 


7 6 § 4 3 2 14 =O BIT NO. 


CONTROL CODE 


00 SYNC MODE 
| 01 ASYNC MODE, 1X 
BAUD RATE FACTOR 
10 ASYNC MODE, 16X 


BAUD RATE FACTOR 


11. ASYNC MODE, 64X 
BAUD RATE FACTOR 


00 5 BITS PER CHARACTER 
01 6 BITS PER CHARACTER 
10 7 BITS PER CHARACTER 
11 8 BITS PER CHARACTER 


0 = PARITY DISABLE 
1 = PARITY ENABLE 
0 = ODD PARITY 
1 = EVEN PARITY 


00 «INVALID 
Ot 1 STOP BIT 


crystal oscillator, thereby enabling 
operations to be independent of the 
main system clock frequency, or pro- 
vided externally by the appropriate 
jumper selection. 

For internal clock signal generation, 
input signals to two Counter/Timer Cir- 
cuits (CTC) can be jumper-selected to 
be either 1/2 or 1/32 of the crystal fre- 
quency. The outputs of the CTCs are 
further divided by flip-flops to provide 
a 50% duty cycle to the USARTs. By 
programming each channel of the third 
on-board CTC with the proper time 
constant, baud rates of 50 to 38.4K are 
possible. Table 1 shows time constants 
for various data rates when the USART 
has been programmed for a baud rate 
faster than 16. 


Baud Time Constant 
Rate Decimal Hex 
50 96 60 
75 64 40 
110 44 2C 
134.5 36 24 
150 32 24 
200 24 18 
300 16 10 
600 8 8 
1200 4 4 
2400 2 2 
4800 1 1 
9600 4* 4* 
19200 2 2° 
38400 1* 1 


*CTC in counter mode 


Table 1. Baud Rate vs Time Constant 
for 16x Baud Rate Factor 


Interrupt Control. Each channel may 
be selected to operate in either a 
polled mode or a fully vectored inter- 
rupt mode. The interrupt capability for 
each channel may be enabled or 
disabled by the programmer to allow 
mixing both modes. Each channel may 
be programmed to have a unique inter- 
rupt vector for the receiver ready and 
the transmitter ready signals, allowing 
independent interrupt service 
subroutines for each direction of data 
transfer. Interrupt priorities are as- 
signed by the hardware on a daisy- 
chain basis. The four receiver ready 
signals are given priority over the four 
transmitter ready signals. The channel 
priority for each group ranges from 
channel 0 having highest priority to 
channel 3 the lowest. 


Hardware Interface. Each of the four 
channels has drivers and receivers to 
allow full industry standard RS-232C 
interface parameters to external equip- 
ment. All voltages necessary for this 


ADDRESS RANGE J4 JUMPERS 
00 to 1F 5-16, 1-7, 3-6 
20 3F 5-15, 1-7, 3-6 
40 5F 5-16, 2-7, 3-6 
60 7F 5-15, 2-7, 3-6 
80 9F 5-16, 1-7, 4-6 
AO BF 5-15, 1-7, 4-6 
CO ODF 5-16, 2-7, 4-6 
EQ FF 5-15, 2-7, 4-6 


Table 2. Port Address Range 


7 6 5 4 3 2 1 #0 BITNO 


SYNDET 


THESE BITS 
ARE RESET 
BY BIT 4(ER) 


COMMAND 
INSTRUCTION 


10 1% STOP BITS 
11. 2 STOP BITS 


Figure 1. Channel Mode Control Word 


STATUS 


CONDITION OF NAMED SIGNALS 


TxRDY 
RxRDY 
TxEN 


PE 

PARITY ERROR 

SET WHEN A PARITY ERROR 
IS DETECTED 


OE 

OVERRUN ERROR 

SET WHEN RA HAS NOT BEEN READ 
BEFORE RBIS FILLED WITH THE 
NEXT CHARACTER 


FE 
FRAMING ERROR (ASYNCHRONOUS 
MODE ONLY 
SET WHEN A VALID STOP BIT IS NOT 
& END OF 


DETECTED AT TH 
EVERY CHARACTER 


Figure 2. Channel Status Register 
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interface are provided by the dc-dc to send), and RTS (request to send) are 
converter operating from a single +5 V provided for each channel. The sense 


input. Channel 3 1s supplied with an of each channel's interface 1s jumper- 
active 20 mA current loop interface selectable so that the board may 
which the user may disable in favor of behave as either a terminal device or a 


the RS-232C interface by selecting the modem device. 
appropriate jumper. In addition to the 
separate transmit and receive data 
signals, standard modem control 
signals such as DSR (data set ready), B eee f ‘at 
DTR (data terminal ready), CTS (clear a ee Se a 


Port Selection. The SIB utilizes port 
assigned I/O and occupies locations 
within the I/O port assignment space. 


thé user may place the SIB into any 
one of eight port address ranges, each 
offering 32 available port addresses. 
Table 2 shows the possible address 
ranges for the SIB. Each of the four 
USARTs and the three CTCs may be 
placed at a unique location within the 
selected range. The user selects the ap- 
propriate jumper configuration for the 
location. 


te) 
ADDRESS 
DECODER 


extt! ck 
CLK | SEL 


DATA BUS 
BUFFER 
CONTROL 


WO SELECT 


SYSTEM 
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RS 232C OR 20mA 0 
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SPECIFICATIONS 


Number of Channels Synchronization Method Power 

4 External or Internal Character Match +5 V +5% @ 1.5 A (max) 
Mode Interface Environmental 

Full or Half Duplex Channels 0-3 Temperature 0 to 50°C 
Baud Rates RS232C Humidity 0 to 90% noncondensing 

50 to 38.4K Baud Channel 3 | Physical 

Current Loop Available Heicht 7.5” (191 mm) 

Baud Rate Reference Clock g eis 

19.6608 MHz Connectors Width 7.7” (196 mm) 

: 122-Pin Edge (100 mil spacing) 

ORDERING INFORMATION 
Part No. Description 


05-6007-01 Z80 SIB 
Serial Interface Board 
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Z80° PPB 
PROM Programmer Board 


| Product 
Zilog Description 


June 1982 


@ Flexibility to Program a Wide 
Range of E/PROMs 


™@ Complete Programming Cir- 
cuitry Generates All Required : 
Programming Voltages 


M@ Zero Force Insertion Sockets for 
Reliability and Ease of Use 


OVERVIEW 


The Z80 PROM Programmer Board 
(PPB) 1s designed to be used in con- 
junction with the Z80 Microcomputer 
Board (MCB) to program a variety of 
MOS E/PROM or bipolar PROM 
devices. The PPB is available in two 
configurations, PPB and PPB/16, each 


capable of programming a specific permit either reading or programming Device Organization 

type of E/PROM. All necessary pro- of the selected E/PROM socket. Addi- 

gramming voltages are generated on tional parallel J/O lines control the MOS E/PROMs 

the boards making them completely mode of operation and provide chip pets ee 

compatible with the MCB family, select to the desired socket. . ined ou 1024 x 8 

MCZ™ microcomputers or ZDS Zero force insertion sockets are used 5 ke mei : eee 

development systems. in the programming locations to pro- 761] 256 x 4 

vide convenience, reliability and long 7620 512 x 8B 

FUNCTIONAL DESCRIPTION life. The programmer board extends 7621 512 x 8 
The PPB uses Z80 PIO devices to beyond the card cage for easy access 7640 1024 x 8 

interface between the E/PROM sockets to programming sockets mounted near 7641 1024 x 8 

and the system microprocessor. Single- the board edge. Each board contains 

byte data transfers in both directions one 16-pin and two 24-pin sockets. Table 1. PPB E/PROM Devices 


PROM Types. The PPB is designed to 
program 2704 and 2708 E/PROM 
devices and Harris-type bipolar 
devices. (See Table 1 for device selec- 


ie} 


ADDRESS 
ADDRESS BUS ,8 DECODE 


tion.) The PPB/16 allows programming 
of 5 V 2716-type E/PROM devices and eee 
Signetic-type bipolar devices (see ee PULSE 
Table 2). —— 
SYSTEM PAIS BUS 2 280 PIO INTERNAL DATA BUS | 
BUS CONTROL PROGRAM 
BUS 6 ADDRESS BUS 
Device Organization 
MOS E/PROMs 
. 2716 2048 x 8 PROG. 
Bipolar PROMs DRIVERS 
825126 256 


825129 256 


BIPOLAR PROM 


x 4 

x 4 
825130 512 x 4 SOCKETS 
825131 512 x 4 
825140 512 x 8 
825141 512 x 8 
825180 1024 x 8 Z80® PPB/16 Block Diagram 
82S 181 1024 x 8 

x 8 


8252708 1024 


Table 2. PPB/16 E/PROM Devices nouncesnle 8 
DECODE 


Software. Both programmer boards 


are supported by the Z-PROG utility PROGICS (2) aoe 
which is part of Zilog’s RIO™ versWvecE th PULSE 
operating system. Z-PROG is an easy DATA BUS 8 hel arr ae 

re Pa 280 ee INTERNAL DATA BUS 


to use interactive program that allows bacon 
E/PROMs to be read, programmed BUS 
from disk file and duplicated, and 
allows the user to select the appro- 
priate socket by specifying the 
E/PROM type and the word length. 
Z-PROG also provides address boun- 
dary selection for partial E/PROM 


PROGRAM 
ADDRESS BUS 


DRIVERS 


programming. Z80 PIO 
BIPOLAR PROM 
SOCKETS 
Z80® PPB Block Diagram 
SPECIFICATIONS 
E/PROM Sockets 825181 (1024 x 8) PPB/16 Connectors 
One 16-Pin Zero Force Insertion 8252708 (1024 x 8) PPB/16 122-Pin Edge (100 mil spacing) 
Two 24-Pin Zero Force Insertion 16-Pin Bipolar Power 
E/PROM Types es ‘ a +5. V 45% @ 
24-Pin MOS 7620 i“ , e . PPB 2.5 A during Programming 
2704 (512 x 8) PPB ‘ 1.5 A during Read 
7621 (512 x 8) PPB 
2708 (1024 x 8) PPB . 
2716 (2048 x 8) PPB/16 825126 (256 x 4) PPB/16 Environmental 
54 Py Bipcias 825129 (256 x 4) PPB/16 Temperature 0 to 50°C 
7 825130 (512 x 4) PPB/16 Humidity 0 to 90% noncondensing 
Lad enigeetariiaee 825131 (512 x 4) PPB/16 
764] (1024 x 8) PPB (S12 x 4) Physical: 
825140 (512 x 8) PPB/16 Control Interface Height 9.0 in. (229 mm) 
825141 (512 x 8) PPB/16 TTL Interface with MCZ Series Data, Width 7.7 in. (196 mm) 
82S180 (1024 x 8) PPB/16 Address and Control Signals 
ORDERING INFORMATION 
Part No. Description 


05-6005-01 Z80 PPB 

PROM Programming Board 
05-6079 Z80 PPB/16 

PROM Programming Board 
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Z80° PMB 


Z80 PROM Memory Board 


Zilog 


Product 
Description 


June 1982 


M@ Flexible Application 
@ Allows several types of E/P/ROMs 
@ Variable address selection 


@ Includes Z80 PIO and CTC Devices 
for I/O Expansion 


@ Allows Expansion Up to 32K Bytes 
of Non-volatile Memory 


@ Fully Buffered for Compatibility 
with All MCB Family Boards 


OVERVIEW 
The Z80 PROM Memory Board 


(PMB), designed for memory expansion 
in systems which require a large 
amount of fixed memory, provides up 
to 32K bytes of fixed program or data 
storage. Completely compatible with 
the Z80 MCB, the PMB 1s inter- 
changeable with other memory boards 
within the MCB family. 


FUNCTIONAL DESCRIPTION 


Memory Array. The PMB contains 16 
24-pin sockets to accommodate a vari- 
ety of E/P/ROM devices as shown 1n 
Table 1. Flexibility in the selection of 
the device type is provided in the form 
of jumpers that may be installed on a 
16-pin component carrier. Chip selec- 
tion logic allows each socket within the 
array to be configured to have a 
unique address starting on 1K byte 
boundaries. In addition, each socket 
may be programmed to have either a 
1K byte or 2K byte granularity depend- 
ing upon the memory device chosen. 


Chip selection is accomplished by a 
pair of socketed 32 x 8 PROMs. 


Parallel I/O. An on-board Z80 PIO 
device provides additional system I/O 
via 16 status or data lines which may 
be configured individually or in two 
groups of eight. (See Z80 PIO Product 
Specification for additional details.) 
There are two sets of Ready-Strobe 
handshake lines for each group of I/O 
lines. Drivers for both ports are pro- 
vided for use in the output mode; ter- 
mination resistor sockets are available 
for use 1n the input mode. 


Non-Volatile Device 
Memory Number 
MOS 2704 8704 
E/PROM 2708 8708 
ZLle 2316 
6341 
Bipolar 6381 
P/ROM 825181 
825191 


Table 1. Non-Volatile Memory Devices 


Counter/Timer. An on-board Z80 
Counter/Timer Circuit provides 
expanded timing capability. The Z80 
CTC includes four independent 8-bit 
counter/timers and can be programm- 
ed by system software for event coun- 
ting, interrupt and interval timing, and 
general clock rate generation (See Z80 
CTC Product Specification for specific 
details.) 


Port Assignments. The chip select 
logic allows each of the two I/O 
devices (CTC and PIO) to be located 
within any one of eight port assignment 
blocks each containing 20H bytes for 
I/O locations. Each device must occupy 
four consecutive locations within the 
chosen block. The configuration 
desired by the user is easily achieved 
by selecting appropriate jumpers that 
reside on component carriers. 


ONTROL BUS 
BUFFER/ 
DATA BUS 
CONTROL 


CONTROL BUS 0 TO 32K BYTE 
ROM, PROM, EPROM 


MEMORY SPACE 


INTERNAL CONTROL BUS 


SYSTEM 
BUS 


DATA BUS INTERNAL DATA BUS 


DATA BUS 
BUFFER 


PORTA 8 PORT A 
PORT A/B CONTROL TRESTATE |. CONTROL 


BUFFERS 


280 PIO 
PORT B 


PORTB 8 


Z80® PMB Block Diagram 


SPECIFICATIONS 


Memory Capacity 
32K (Populated with 2K Devices) 


E/P/ROM Socket Array 
Number 16 (24-pin) 


E/P/ROM Device Types 
2708, 2716, 6381 


Parallel I/O 
Number of Lines—16 (Programmable) 
Operating Modes—Input, Output, 
Bidirectional, Bit Control 
Handshake Lines—Ready, Strobe 
Interrupt Vectors—2 (User Program- 


Counter, Timer -~5V +5% 
Channels @ 0.96 A (max) 2708 
4 (8 Bits Each) +12 V +5% 


@ 1.28 A (max) 2708 
DC-DC Converter Output 


Interrupt Vectors 
4 (User Programmable) 


Connector +12 V @ 320 mA (max) 
122-Pin Edge (100 mil spacing) -~5 V @ 50 mA (max) 
Power Environmental 
+5V +5% Temperature 0 to 50°C 
@ 0.60 A (max) without Memory Humidity 0 to 90% noncondensing 
@ 2.28 A (max) 2716 Physical 


@ 3.40 A (max) 6381 


@ 0.84 A (max) 2708 Height 7.5” (191 mm) 


mable) Width 7.7” (196 mm) 
ORDERING INFORMATION 
Part No. Description 
05-6023-01 280 PMB 
PROM Memory Board 
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Z80° MDC 


Z80 Memory and Disk 


Controller Board 


Product 
Description 


June 1982 


M@ CRC Error Checking for Reliable 
Data Transfer 

@ Control Signals Allow Expansion 
Up to Eight Full Size, Single Den- 
sity Floppy Disk Drives 

™@ Memory Array Allows Complete, 
Compact System Integration 

M@ Reliable and Proven Frequency 
Modulation Recording Technique 

@ CPU-Controlled Access Allows 
Complete Software Flexibility 

li Low-Power Operation from a 
Single +5 V Supply 


OVERVIEW 


The Z80 Memory Disk and Controller 
(MDC) board 1s a floppy disk controller 
capable of handling up to eight floppy 
disk drives and providing sockets for 
16K to 48K bytes of additional main 
system memory. A member of the MCB 
family, the MDC 1s completely com- 
patible with the other microcomputer 
boards in the series. 

The MDC 1s most effectively used 
with the MCB/16 Microcomputer 
Board. Together these two boards com- 
prise a complete microcomputer system 
that includes 64K bytes of RAM, 4K 
bytes of PROM, parallel interface, 
serial interface, and control of up to 
eight floppy disk drives—on a 115 sq. 
in. circuit board which operates from a 
single +5 V power supply. 


FUNCTIONAL DESCRIPTION 


Memory Array. The memory array 1s 
implemented using 16K x 1-bit 
dynamic RAM devices to provide 16K 
bytes to 48K bytes of main system 
memory. Although dynamic RAMs are 
used in the memory array, additional 
refresh circuitry is not required due to 
the unique memory refresh characteris- 


tic of the MCB CPU. Following each 


op-code fetch, a new refresh address is 
available on the system address bus 
while the op-code is being decoded 
within the processor. 

An on-board dc-dc converter 
generates the —5 and +12 V signals 
for the dynamic memory devices, 
enabling the MDC board to be 
operated from a single +5 V power 


supply. 
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Memory address selection is com- 
pletely compatible with the MCB/16. 
This two-board combination provides 
64K bytes of continuous memory within 
the address space of the MCB CPU. 
For maximum flexibility, the RAM chip 
select logic is designed to allow the 
memory to be addressed in 4K byte 
blocks that may be located anywhere 
within the address range of the CPU. 
Chip selection is accomplished using a 
PROM decoder to select the Row 
Address Strobe (RAS) signal to the 
appropriate bank of devices. This 
address select PROM is socketed so 
that it may easily be replaced by the 
user for address reassignment. 


Disk Control. The disk control signals, 
formatting information and data 
transfer are provided by the CPU 
under program control. A PIO device 
is used as the interface element to 
transfer disk control and status informa- 
tion between the CPU and the control 
circuitry on the disk drive units. Disk 
status signals include READY, TRACK 
0, SECTOR MARKER, WRITE PRO- 
TECT, and CRC ERROR. The control 
signals are DIRECTION, STEP, four 
DISK SELECT lines, READ, WRITE, 
and ENABLE CRC. 


The MDC includes a CRC used dur- 
ing read and write operations. This cir- 
cuit generates a 16-bit word which is 
appended to the end of the data stream 
during write operations. During read 
operations a 16-bit word is again com- 
puted and then compared with the 
value previously written on the disk. A 
CRC error condition causes an error 
flag to be read into the CPU through 
the PIO interface. 

Data is recorded onto the floppy 
diskette in a serial format. Parallel- 
to-serial and serial-to-parallel data 
conversion is performed by on-board 
circuitry. During the frequency 


16 BYTES 1 BYTE 1 BYTE 


SECTOR ADDRESS- 
100 AsA3A2A1A9 


TRACK ADDRESS- 
0 AgAsA4AgA2A1Ao 


SECT TRACK 
PREAMBLE ADDR ADDR DATA BLOCK LINKAGE POSTAMBLE 
Neen ere Neer rene Ne serene “nate, semen! Nan, geen Nnemtin ponent 


128 BYTES 


modulation recording mode, each data 
bit recorded on the diskette has an 
associated clock bit recorded. 

Formatting of serial data into the 
disk is accomplished under program 
control by the MCB CPU. Optional 
PROM-based firmware to control up to 
two Shugart 801R Floppy Disk Drives 
is available from Zilog. This firmwave 
assumes that 32 data sectors (records) 
are utilized per track and 77 tracks 
are utilized per disk. The firmwave 
provides all control functions for the 
disk and performs all data transfer. The 
sector data format 1s illustrated in 
Figure 1. 


FORWARD/BACKWARD 
LINKAGE FOR FILE 
MAINTENANCE 


4 BYTES 2 BYTES 


Figure 1. Sector Data Format 
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SPECIFICATIONS 


Disk Drive Capability Memory Capacity Power 
8 Single-Sided Drives 48K Bytes +5 V +5% @ 1.6 A max. 
Disk Drive Characteristics Memory Configurations Environmental 
Sector Type Hard 16K, 32K, or 48K Bytes Dynamic RAM. Temperature 0 to 50°C 
Recording Single Density Each 4K page may have its starting Humidity 0 to 90% noncondensing 
Sectors per Track 32 address assigned to any of 16 possible Physical 
Tracks per Disk 77 values. Height 7.5” (191 mm) 
Capacity 308K Bytes Data Connectors Width 7:7" (196 mm) 
Data Transfer Mode 122-Pin Edge (100 mil spacing) 
Programmed I/O 
ORDERING INFORMATION 
Part No. Description Part No. Description Part No. Description 
05-6011-04 Z80 MDC/16 05-6209-00 Z80 MDC/32 05-6011-02 Z80 MDC/48 
16K Memory and Disk 32K Memory and Disk 48K Memory and Disk 
Controller Controller Controller 
00 10354 
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Z8000™ Dual-Processor 
System Upgrade Package 


Product 


. a a 

Zilog Description 

June 1982 
Features @ Upgrades an MCZ!™ or PDS system to a 
16-bit system with 256K bytes of memory. 
@ Provides complete Z8000-based software 
development tools that execute at 6MHz: 
screen editor, translator, compiler/ 
assembler, debugger. 
@ All software supplied in source code 
form to allow customization for 
applications. “9 
@ Existing Z80 programs continue 
to run. 

Overview The Z8000 Dual-Processor System Upgrade The Z8000 MPB plugs directly into the 
Package provides 16-bit processing power, backplane of the Z80 system and works with 
256K bytes of random access memory, and the Z80 and RIO. When the Z8000 is running, 
software development tools for Zilog’s the Z80 acts as a peripheral processor that 
Z80-based MCZ and PDS systems. The package manages the resources of the host system. 
consists of a Z8000 Microprocessor Board When the Z8000 is not activated, the system is 
(MPB/256), a screen editor, Z80 to Z8000 controlled by the Z80 and there is no func- 
translator, and a Z8000 assembler and tional change due to the additional 
debugger. Z8000 MPB. 

Functional Hardware. The Z8000 MPB contains a 6MHz Software. The software tools provided with the 

Description Z8001 CPU and 256K bytes of RAM. The board Z8000 Dual-Processor System Upgrade 


uses a FIFO for inter-CPU block transfers. The 
FIFO is implemented using control logic and a 
1Kx8 static RAM chip and can be accessed 
sequentially by either the Z80 or the Z8000. 
Software resolves any contention for 
ownership. 

The MPB can be plugged directly into the 
top slot of an MCZ-1/05 with no modification to 
the system. Or, it can be used in any vacant 
slot of an MCZ-1/20 or PDS 8000 system, and 
may require minor modification to the 
backplane. 


Package include a screen editor, Y (a multi- 
level language compiler), a symbolic debug- 
ger, a Z80 to Z8000 translator, and the 
interface software between the Z80 and Z8000. 
The screen editor takes advantage of the 
6MHz Z8000 and 256K RAM to provide an 
easy-to-use, efficient means of entering and 
modifying programs. The screen provides a 
“window” over the current copy of the file in 
memory. The cursor may be moved anywhere 
in the window to indicate the position where 
characters are to be added, deleted or 
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Functional 
Description 
(Continued) 


si2 


replaced. In addition, commands are available 
to find and change strings of text and to 
delete, move or copy blocks of text. The 
screen editor is designed to be used with an 
Infoton 200 or a Visual 200 terminal. It can, 
however, be modified to work with almost 

any CRT. 

The compiler, Y, is a multi-level language. 
It includes Z8000 assembly language with Zilog 
mnemonics, Pascal-like control structures, data 
types, arithmetic expressions with automatic or 
specified allocation of registers, procedure 
calls with parameter passing, and a descriptive 
compiler language. The different levels may, 
for the most part, be freely mixed. The Y com- 
piler features direct, one-pass code generation 


into memory, immediate execution of 
statements, conditional compilation, user- 
detined language extensions and symbolic 
debugging. 

The debugger can operate in two modes: 
Debug and Command. With the symbolic 
debugger in Debug mode, any instruction 
typed is executed immediately, with registers 
preserved from one line to the next. In addi- 
tion, there is a special set of debug commands. 
The set includes commands to display and 
change memory and/or registers, set and 
remove breakpoints (up to eight), locate 
strings in memory, display stack history and 
execute a specific number of instructions. 


Development Products 


: 


Z, 
Shee e 


vet 


PO ee 
Comprehensive Development 


Innovative Design. Zilog’s develop- 
ment system products feature ideal 
environments for software development 
for the Z8, Z80, and Z8000 micro- 
processors. The modularized design 
approach of the Zilog development 
systems allows the user a choice of 
hardware and software modules to meet 
current needs, while providing the 
necessary upgradability for future 
requirements. 


Proven Components. The PDS 8000 
Family and ZDS-1 Family of develop- 
ment systems provide development 
support for the Z8, Z80, and Z8000 
microprocessors. The PDS 8000 systems 
are software development stations, 
while the ZDS-1 systems contain inte- 
grated Z80 emulators, which permit full 
hardware and software debugging of 
the Z80 target system. Each of these 
systems offers variable configuration 
choices and extra card slots for addi- 
tional peripherals. Ample provisions 
have been made for the expansion of 
memory, disk-storage, PROM program- 
ming, and external interface. And each 
system is supplied with Zilog’s field- 
proven RIO operating system and the 
necessary utilities. 

The Z-LAB concept partitions soft- 
ware and hardware development tools 
into specially tailored devices. Soft- 
ware and hardware checkout are 
handled by separate but compatible 
products. You can develop software on 
both Zilog and non-Zilog hosts using 
available compilers and cross- 
compilers. In either case, compatible 
hardware emulation systems are 
available at several levels of com- 
plexity. Standard RS-232 links provide 
for uploading and downloading of pro- 
grams between hosts and emulators. 

System 8000 Z-LAB, a high- 
performance, multiuser, multitasking 
software development host combines 
the Zilog System 8000 and the Z-LAB 
concept. The 6 MHz Z8000-based 


Environments for 


All Zilog Microprocessors 
a i et 


System 8000 hardware incorporates a 
high-performance Winchester disk, as 
well as intelligent disk and tape con- 
trollers to further improve perfor- 
mance. ZEUS, the UNIX*-based 
operating system, 1s specifically 
designed for software development and 
text processing. Numerous develop- 
ment tools are available, including the 
programming languages PLZ/ASM, 
PLZ/SYS, C, FORTRAN 77, and 
Pascal; various libraries; and a sym- 
bolic debugger. Because ZEUS treats 
emulators as System 8000 peripherals, 
System 8000 Z-LAB can combine with 
EMS 8000, Z-SCAN 8000, ZDS 1/40, or 
with non-Zilog emulators to provide 
total product development support for 
multiple microprocessors. 

The newest addition to Zilog’s 
development products, EMS 8000, is a 
sophisticated emulation management 
system that aids in the development of 
Z8000 implementations. By providing 
logic state analysis, high-speed emula- 
tions (up to 6 MHz), complex trigger- 
ing, a large real-time trace buffer, and 
large mappable memory, emulation 
and debugging are made both easier 
and faster. 

Yet another aid to Z8000 emulation is 
Z-SCAN 8000. An in-circuit emulator, 
Z-SCAN 1s also Z8000-based. It can be 
configured as a stand-alone unit, as 
well as linked to System 8000 or to any 
other mainframe host. Or it can be 
used as a peripheral to Zilog’s PDS 
8000 or ZDS/1 systems. 

The Z8 and Z8000 Development 
Modules are complete single-board 
microcomputers that permit the devel- 
opment of code for the Z8 or Z8000. 
They facilitate prototyping with large 
wire-wrap areas and are totally trans- 
parent to the CRTs and host CPU 


systems. 


Software. To facilitate program devel- 
opment, Zilog offers the complementary 
PLZ application languages, PLZ/SYS 
and PLZ/ASM. Similar constructs 


within the PLZ languages permit the 
user to combine high-level, machine- 
independent modules together with 
machine-dependent modules. 

PLZ/SYS 1s a procedure-oriented 
language with a style that blends 
elements of other well known 
languages such as Pascal, ALGOL, 
PL/I and C. 

PLZ/ASM is a structured assembly 
language that provides all the 
capabilities needed to manage the 
microprocessor resources such as 
registers, memory accesses, and I/O 
operations. 

This modular programming tech- 
nique enables the programmer to con- 
centrate on program design rather than 
on development system software. 

The Z8000 Cross-Software Package, 
running on UNIX, enables multi-user 
access for enhanced software develop- 
ment. The package consists of a com- 
plete set of software tools for develop- 
ing Z8000 programs on DEC's PDP 
11/44, 11/45, and 11/70 systems. The C 
language, including compiler and code 
optimizer, protects the user’s software 
investment by permitting program 
transportability. 

The ZRTS Kernel, a small executive 
program, saves software development 
time by providing the core of a real- 
time multitasking operating system in 
PROMable form. Using ZCL, a high- 
level configuration language, the 
designer can define the target system 
and produce a memory-efficient, cost- 
effective end product. 

Even more software products include 
the RIO Electric Blackboard, a multi- 
window full-screen text editor, and soft- 
ware development packages with utility 
programs that aid and simplify software 
development for the Z8 MCU and for 
Z8000 programs on the Z8000 Develop- 
ment Module. 


*UNIX is a trademark of Bell Laboratories 
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Zilog 


Features 


General 
Description 


m A 6 MHz Z8001A CPU and three Z8010A 
Memory Management Units (MMUs). This 


combination provides high performance and 


a potential 8M bytes of address space, 
enabling the System 8000 Z-LAB (Figure 1) 
to support advanced software tools. 


m ZEUS, Zilog’s enhanced UNIX* operating 
system. It supports 8 or 16 users in a soft- 


System 8000” Z-LAB™ 


Product 
Description 


April 1982 


system reliability, and a large physical 
memory size improves system performance 
by minimizing the amount of swapping 
done. 


System 8000 Z-LAB and ZEUS are designed 
to be upgraded for use with 32-bit 
microprocessors. This assures compatibility 
with the next generation of microprocessors. 


ware development environment that 
improves programmer productivity. 


Comprehensive text processing software and 
a screen-oriented text editor. Both automate 
tedious tasks involved in developing soft- 
ware and documentation. 


Universal software development host. It sup- 
ports all of Zilog’s microprocessors directly 
and can support other microprocessors with 
the addition of cross software packages. 


A selection of high-level languages for the 
Z8000: C, Pascal, Fortran 77, and PLZ/SYS. 
The implementor can choose the language 
appropriate for the application. 


In-circuit emulators are peripherals. This 
enables the System 8000 Z-LAB to support 
multiple emulators for different 
microprocessors concurrently and allows 
existing emulators to be used. 


Presently 1M byte of error-correcting 
memory. Error-correcting memory increases 


“UNIX 1s a trademark of Bell Laboratories Zilog 1s licensed by 
Western Electric Company, Inc. 


System 8000 Z-LAB is a high-performance 


Z8000-based system that combines the Zilog 
System 8000 and the Z-LAB concept. The 
Z-LAB concept for microprocessor product 
development separates hardware and software 


Figure 1. System 8000 Z-LAB 


development tools into specially tailored 
devices; increases the effectiveness of each 
development tool; and assures that each 
development tool works alone, with the other, 
and with those made by other companies. 
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Figure 2. Example of System 8000 Configuration 


System 8000 Z-LAB can be combined with 


EMS 8000, Z-SCAN 8000, ZDS 1/40, and non- 
Zilog microprocessor emulators to provide 
complete product development support for 
multiple microprocessors (Figure 2). This 1s 
possible because emulators are treated as 
peripherals to System 8000 by the ZEUS 
operating system. 


Software. ZEUS is a general-purpose, multi- 
user, multitasking operating system designed 
specifically for software development and text 
processing. The structure of the ZEUS pro- 
gramming environment is shown in Figure 3. 
The major operating system features are: 


@ Hierarchical file system 


m Compatible tile, device, and interprocess 
input/output 


m@ Separate code and data address spaces 
™ Multiple processes per user 
- @ User configurability 


The system utilities include the command inter- 
preter and file maintenance, status inquiry, 
and system accounting programs. The com- 
mand interpreter is selected on a per-user 
basis, enabling the system to be tailored to the 
needs of different users. Data communications 
utilities are also included for handling 
peripheral emulators and for networking over 
a serial link to other local or remote ZEUS- or 
UNIX-based computer systems. 


OPERATING 


SYSTEM SYSTEM 


UTILITIES 


DEVELOPMENT 
TOOLS 


Figure 3. The ZEUS Programming Environment 


The ZEUS development tools consist of pro- 
gramming languages, libraries, a symbolic 
debugger, and more than 150 other utilities to 
aid software development. Z8000 programming 
languages include C, PLZ/SYS, and the 
PLZ/ASM assembler. There are optional Z8000 
Pascal and Fortran 77 compilers, an optional 
PLZ/ASM assembler for the Z8, a Z80 C 
compiler, and a Z80 assembler. 

To increase editing speed, Zilog includes a 
screen-oriented text editor in ZEUS. This editor 
uses a data base of CRT terminal control infor- 
mation, allowing it to be used with almost any 
cursor-addressable CRT terminal. This data 
base can be easily updated by the user to add 
new terminals. 


Hardware. The System 8000 hardware was 
designed to support the ZEUS software. The 
memory management architecture of System 
8000 allows ZEUS to support, without changes, 
programs that run under the UNIX operating 
system. The memory architecture also makes it 
possible for user programs to have an address 
space of up to 8M bytes; future versions of 
ZEUS will take advantage of this large address 
space. 

System 8000 hardware is designed for per- 
formance, reliability, and future growth. Per- 
formance is based on the 6 MHz Z8001A CPU 
and high-performance Winchester disks. The 
1M byte of error correcting memory that can 
be put in a system minimize the amount of 
swapping done, also contributing to the 
system's performance. Intelligent disk and tape 
controllers also aid performance by removing 
device handling chores from the CPU. Hard- 
ware reliability comes from the exclusive use 
of error correcting memories and Winchester 
disks. The Z-BUS Backplane Interconnect 
(ZBI™) and the modular system packaging 
allow for system growth. The ZBI makes it 
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General possible to add memory and controllers to the memory can handle 32-bit data transfers, and 
Description system. The modular packaging permits the the peripheral controllers work with 16- and 
(Continued) economical addition of peripherals to the 32-bit CPUs. In addition, ZEUS will continue 
system while allowing it to keep the same to be the operating system. This is possible 
appearance. because the UNIX operating system, of which 
$2-Bit Future. System 8000 was designed tobe  “ZUS is an enhancement, has already been 
transported to several 32-bit computers. 
upgraded to the next generation of micro- 
processors. The ZBI is a 32-bit bus, the 
Software The ZEUS operating system is an enhance- Ordinary files can be up to one billion bytes 


ment of the seventh edition of the UNIX 
operating system and will also incorporate 
UNIX System III features. ZEUS 1s a 
transported operating system; it was not rewrit- 
ten. This transporation was possible because 
the operating system was written in C, a high- 
level systems implementation language. Any 
program that runs under the UNIX operating 
system and 1s written in C, Fortran 77, or 
Pascal can also be transported to run on 
System 8000. 

ZEUS 1s more than an operating system. It 
includes an extensive set of programs that 
comprise the system utilities and development 
tools of the ZEUS programming environment 
(Figure 3). The system utilities listed in Table 1 
are commands that provide user access, com- 
mand processing, file management 
capabilities, status information, and com- 
munication with other devices or systems. Cer- 
tain system utilities are used for maintenance 
and can be run only by a local system 
administrator. 

The development tools listed in Table 2 are 
commands that provide control of running pro- 
grams, programming support, languages, text 
processing, and text formatting. 

The ZEUS operating system occupies 
approximately 80K bytes of memory. This 
memory is completely separate from the user 
address space. User programs can have the 
same maximum address space found in large, 
16-bit minicomputers: 128K bytes of memory, 
consisting of 64K bytes of code and 64K bytes 
of data. A future release of ZEUS will expand 
the user address space up to 8M bytes. 

The remainder of this section describes the 
two most frequently used parts of ZEUS: the 
file system and the command language. 

The File System. The file system is probably 
the most important feature of ZEUS. It supports 
three types of files: ordinary files, directories, 
and special files. 


Ordinary Files. Ordinary files contain 
whatever information the user stores in them. 
No distinguished file types are provided by the 
system. A file of text simply contains a string 
of characters; lines are terminated by the 
newline character. Binary programs are 
sequences of words as they appear in memory. 
Any programs that require a particular file 
structure, such as a loader, must depend upon 
cooperating programs to control the structure. 


long; there is no predetermined file size limit. 


Directories. Directories structure the file 
system by providing a mapping between names 
of files and the files themselves. Each user 
starts with a single directory for his or her own 
files. The user can then create subdirectories 
of files that can be conveniently treated 
together. Directories are like ordinary files, 
except they contain information about other 
files. Anyone with access permission can read 
a directory just like any other file. 

The directory structure is that of a rooted 
tree. A file name may be specified to the 
system in the form of a path name; this is a 
sequence of directory names separated by 
slashes (/) and ending in a file name. File 
names are sequences of no more than 14 
characters. If a path name begins with a slash, 
the search begins at the root directory. Thus, 
the path name 
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/project/user/fin 


tells the system to search the root directory for 
project, then to search project for the direc- 
tory user, and finally to find the file fn in the 
directory user. The file fn may be an ordinary 
file, a directory, or a special file. 

When a path name does not start with a 
slash, the user’s current directory is searched. 
Therefore, the command user/fn specifies the 
file named fn in the subdirectory user of the 
current directory. Inputting just fn tells the 
system to search for the file in the current 
directory. 

It is possible for a nondirectory file to 
appear in several directories and even with 
different names. This is called linking, and all 
links to a file have equal status. This differs 
from other systems because files exist indepen- 
dently of any directory entry, although a file 
disappears when the last link to it is removed. 


Special Files. Special files provide access to 
physical devices as though they were ordinary 
files. These files are, of course, protected from 
indiscriminate access. There are three benefits 
of treating I/O devices this way: file and 
device I/O are as similar as possible; programs 
expecting a file name as a parameter can be 
passed a device name as well because file and 
device names have the same syntax; and 
special files can be protected by the same 
mechanism as ordinary files. 
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Software 
(Continued) 


Protection. The access control scheme of ZEUS 
is simple and effective. Each user is assigned 
an identification number. When a file 1s 
created, it is marked with the identification 
number of its creator or owner. Read, write, 
and execute permission for the owner, for 
members of the same group, and for all other 
users can be set when the file is created or by 
command at a later time. 

In the standard UNIX operating system, 
there is nothing to prevent two users from 
simultaneously modifying a file, resulting in 
one user invalidating the other’s changes. The 
ZEUS operating system augments the three 
standard UNIX file opening modes (Read, 
Write, or both Read and Write) with a 
mechanism for locking portions of a file. Both 
Read-Only and Exclusive Use locks are 
provided. 


Command Language. Most users use the 
command interpreter called the shell to com- 
municate with the System 8000. The shell is 
usually the first program run when a user logs 
on. It is possible to specify other command 
interpreters or, in fact, any program to be run 
when a user logs on. Consequently, some 
users could be in the editor as soon as they log 
on, while programmers on the same system 
would be in the shell. 

The simplest form of command line is a com- 
mand name followed by a list of arguments to 
the command, all separated by spaces: 


emd argl arg2 ... argn 


Given this command line, the shell searches 
for a file with the name cmd, where cmd may 
be a full path name. If cmd is found and is 
executable, it is loaded into memory and run. 
The arguments entered on the command line 
are accessible to the command. When the 
command is finished, control is returned to the 
shell, which prompts the user for the next com- 
mand. If cmd is not a full path name, the shell 
automatically starts searching for cmd using a 
user-specified or default search path. 


Standard I/O. Programs executed by the shell 
start off with three open files. File 0 is initially 
open for reading. Programs that need to read 
from the user’s terminal can read from this file; 
it is the standard input device. File 1 is open 
for writing and represents the standard output 
file. This file is initially the user’s terminal. 
File 2 is the standard error file, also initially 
assigned to the terminal. 

The user can order the shell to change the 
standard assignments of these files from the 
terminal. If one of the arguments to a com- 
mand is prefixed by “>”, file descriptor 1 will 
refer to the file named after the “>” for the 
duration of the command. For example, 


ls 


ordinarily lists the names of the files in the 
current directory on the terminal. The 
command 


ls > catalog 


creates a file called catalog and puts the 
listing there. On the input side, 


mail fred 


enters the mail program, which normally 
accepts input from the terminal and in this 
case sends it to the user fred. The command 


mail fred < message 


causes mail to take its input from the file 
message instead of from the terminal. 

The “<"” and “>” symbols tell the shell to 
redirect the I/O to the specified files. The com- 
mand simply uses file descriptors 0 and 1 
where appropriate and needs no special 
coding to handle the redirection. 

File descriptor 2 is for diagnostic messages 
normally associated with the terminal output. 
When an output redirection using “>” takes 
place, file 2 is still attached to the terminal, so 
commands produce diagnostic messages to 
the user. 


Pipes and Filters. The output of one command 
can be directed to the input of another with an 
extension of the standard I/O concept. When a 
sequence of commands separated by vertical 
bars (|) is entered, the shell executes all the 
commands simultaneously and connects the 
standard output of each command to be 
delivered to the standard input of the next 
command in the sequence. Thus, the command 
line 

sort data5 | pr | lpr 


sorts the file called data5S in the current direc- 
tory and passes the sorted output to pr, which 
adds an identifying header line and page 
breaks. Likewise, the output from pr is passed 
to lpr, which prints the formatted listing on 
the line printer. This procedure could have 
been carried out much more clumsily by using 
I/O redirection and two temporary files. 

The vertical bar represents a “pipe” that 
connects the output of one program to the 
input of another. Programs that read standard 
input, process the data, and write to standard 
output are called filters. Many of the ZEUS 
utilities can be used as filters to perform func- 
tions such as pattern searching, sorting, text 
formatting, encryption, and decryption. 


Command Separators and Multitasking. The 
shell allows multiple commands to be entered 
on a single command line simply by separating 
them with a semicolon. A related feature 
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allows the user to start multiple tasks from a 
terminal. When a command is followed by an 
ampersand (&), the shell does not wait for the 
command to finish before prompting again; 
instead, it is ready to accept a new command 
immediately. For example, 


Software 
(Continued) 


cc prog > out & 


starts the C compiler compiling prog, with 
compilation messages sent to out; the shell 
returns to the user immediately, no matter how 
long the compiling process takes. The iden- 
tification number of the process running a 
command is printed when the shell does not 
wait for the completion of a command. This 
number can be used to terminate a command 
or check for its completion. The “&” can be 
used several times on a command line. Thus, 
the command line 


cc prog >out & ls >fnames & 


both compiles prog and lists the files in the 
current directory. Output files other than the 
terminal were specified above; had this not 
been done, the output of the various com- 
mands would have been intermingled. 


Command Files. The shell itself is a command 
and can be called recursively. Suppose the 
following commands were entered at the 
terminal: 


cc -o testprog prog 
testprog >testout 
diff testout valid >result 


This sequence of commands compiles prog, 
giving the binary program the name festprog; 
runs testprog, sending the output to the file 
testout; executes diff, a file comparison pro- 
gram, to compare testout with the expected 
valid output; and places any differences in the 
file result. To do the program testing 
automatically, the above commands can be 
entered in a file. If the file were called valida- 
tion, then the command 


sh <validation 


would cause the shell to execute a new copy of 
itself, taking the input from validation. If 
validation is made an executable file, it 
becomes a new command and can be invoked 
simply by entering its name in the command 
line. 

The shell has more advanced capabilities, 
including the ability to substitute parameters 
and to construct argument lists from a 
specified subset of the file names in a direc- 
tory. It also provides general conditional and 
looping constructs. In fact, the shell is its own 
programming language. 


system 8000 is a modular, free-standing unit 
built for multi-station software development in 
an office or laboratory environment. It can be 
stacked up to six modules high. When the side 
panels are removed from an individual 
module, it can be mounted in a standard 
19-inch rack. 

The modular design of System 8000 makes it 
easy to service. Each module is self-contained 
and can be unstacked without the use of any 
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Figure 4. System 8000 Z-LAB Model 20 
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tools. To aid servicing, all module interconnect 
cables are located on the outside rear panel of 
each module. 

The System 8000 is available in two basic 
configurations, referred to as Model 20 and 
Model 30 (see Figures 4 and 5). Both models 
can be expanded to the same maximum con- 
figuration. The components of the systems are 
housed in two types of modules, a processor 
module and a peripheral module. 


Processor Module: 
Z8001A CPU 

Eight serial ports 

Printer interface 
Winchester disk controller 
Cartridge tape controller 
512 KB of ECC memory 
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Peripheral Module: 
24 MB Winchester disk 


Storage Compartment: 
Miscellaneous 
storage space 
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Processor Module. The processor module 
holds all of the printed circuit boards of 
System 8000, the card cage and backplane, 
power supplies for the module itself, and the 
key lock switch that enables the system reset 
and start switches. 

The card cage and backplane hold 10 
printed circuit boards. The minimal System 
8000 is made up of five boards: CPU, ECC 
memory controller, one 256K byte memory 
array, a Winchester disk controller, and a 
cartridge tape controller. The ZBI bus allows 
optional memory and controllers to be added 
to the system simply by plugging them into 
available slots. The ZBI provides increased 
flexibility by supporting 8-, 16-, and 32-bit 
data transfers. This assures that future 32-bit 
microprocessors can be used 1n the system. 

The CPU board is based on Zilog’s 6 MHz 
Z8001A. It also includes three Z8010A MMUs, 
which allow the hardware to support user pro- 
grams of up to 8M bytes. Eight RS-232C serial 
ports with modem control and programmable 
baud rates are standard on the CPU board. 
Each serial port contains the control logic 
necessary for connection to a modem. The 
baud rate on each serial port can be set by 
software to standard rates from 110 baud to 
19,200 baud (default is 9,600 baud). Also stan- 
dard is a printer interface that supports the 
Centronics parallel interface; it can be 
jumpered to support the Dataproducts inter- 
face. An 8K byte monitor in ROM holds the 
power-up diagnostics and bootstrap. To allow 
the use of lower-cost RAMs on the memory 
array board and to eliminate wait states, the 
system clock runs at 5.5 MHz. 

The ECC memory controller provides single- 
bit error correction and double-bit error detec- 
tion on a 32-bit basis and logs correctable 
errors. It controls the refresh needed for the 
dynamic RAMs on up to 16 memory array 
cards. It also performs 8-, 16-, and 32-bit data 
transfers to the ZBI, which allows the memory 
to be used with future 32-bit microprocessors. 

The memory array card currently provides 
256K bytes of dynamic RAM and holds the 
extra memory necessary for the ECC bits. If 
the remaining three slots in the backplane are 
used for memory, a System 8000 can have up 
to 1M byte of memory. Larger memory con- 
figurations are planned for future release. 

The Winchester disk controller is an intelli- 
gent disk controller based on Zilog’s Z80B 
microprocessor. It supports up to four 8-inch 
Winchester disk drives and holds enough 
memory to buffer one disk track. This provides 
for high-performance, multisector reads and 
writes. The controller transfers data to and 
from the System 8000 memory under DMA 
control, which minimizes CPU overhead and 


increases the system's performance. 

The cartridge tape controller is also a Z80B- 
based intelligent controller. It supports up to 
four standard (not streamer) cartridge tape 
drives. DMA data transfers are performed by 
this controller, too. 

The system can be upgraded to support a 
total of 16 users. The upgrade includes an 
external panel for the additional ports, cables, 
and serial controller board. The board has 
eight serial ports that are RS-232C compatible 
and a printer interface, identical to those on 


the CPU board. 


Peripheral Module. The peripheral module 
holds a Winchester disk drive, a cartridge tape 
drive, and the necessary power supply. The 
Winchester disk drive is a high-performance, 
8-inch drive with an average access time of 

48 ms. The peripheral module can house one 
drive; more drives can be added by connect- 
ing more peripheral modules to the system. 
The standard disk holds 24M bytes when unfor- 
matted and 22M bytes when formatted. 

A cartridge tape drive can be housed in the 
same peripheral module as a Winchester disk. 
One standard cartridge tape drive (not 
streamer) is provided with System 8000, allow- 
ing selective file backup and recovery. All 
software for the system is provided on a car- 
tridge tape. The standard cartridge holds 17M 
bytes when unformatted and approximately 
14M bytes when formatted. 


System Diagnostics. To help verify system 
integrity, two distinct diagnostic routines are 
standard with System 8000. 

Power-on diagnostics reside in the bootstrap 
ROM and are initialized when the system is 
powered on or the RESET and START buttons 
are pushed. They provide a limited measure of 
hardware integrity. The following tests are per- 
formed: Z8000 instruction test, MMU test, 
memory test, ECC controller test, Winchester 
disk controller test, and cartridge tape con- 
troller test. If no errors are detected, the 
system acknowledges that the test is over and 
boots the operating system. If an error is 
found, an explicit error message is displayed 
on the console. 

Stand-alone diagnostics are executed by the 
diagnostics monitor and provide a thorough 
testing of all standard and optional hardware. 
The diagnostic monitor lets the user select 
various options, construct a list of tests to be 
executed with options, or execute a test 
directly. Results and optional decisions are 
handled via the console. The tests provided 
are CPU test (which covers communications, 
the MMU, on-board RAM and ROM, and inter- 
rupt handling), stand-alone memory test, Win- 
chester disk test, and cartridge tape test. 
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Table 1. 


System 
Utilities 


User Access 


login 


Allows a user to sign on to the 

system. 

OC) Verifies password and 
acknowledges user’s individual 
and group (project) identity 

OC) Adapts to terminal characteristics 

(] Establishes working directory 

() Announces presence of mail 
(from mail) 

C] Publishes message of the day 

C1 Executes user-specified profile 

(1) Starts command interpreter or 
other initial program 


Command Processing 


csh 


sh 


Processes commands and command 
line arguments. Provides all the 
general capabilities of the shell sh, 
as well as the following features: 

O) Has a C-like syntax for expres- 
sions and conditionals. This 
feature gives the C shell 
its name. 

O Supports aliases for commands. 

1) Supports history substitutions 
involving previous commands. 

C] Supports more sophisticated 
argument processing involving 
head or tail of a path name and 
root or suffix of a file name. 

(1 Can pass a shell script to the 
shell sh for processing. 

Processes commands and command 

line arguments, and is the standard 

seventh edition UNIX shell. Provides 
the following features: 

C1) Initiates tasks, either 
waiting for completion or 


File Management 


ar 


cat 


cd 


chkdiff 
chkin 
chkout 
chkwhat 


chmod 


cmp 


Builds, adds to, or retrieves from an 
archive (library). 


Concatenates one or more files onto 
standard output. Particularly useful 
for simple printing. Works on any 
file, regardless of content. 


Changes working directory. Built 
into the shells sh and csh. 


Zilog source control (ZSC) com- 
mands. Report differences in ver- 
sions of a source file, check files in 
or out, and report on file status. 


Changes read, write, or execute 
permissions on one or more files. 
Executable only by the file owner. 


Compares two files and reports 
whether they are identical. Very 
useful for comparing executable 
binary files. 


newgrp 
passwd 
gpasswd 


su 


comm 


cp 


dd 


diff 


dog 


find 


Changes working group (project). 
Verifies password to protect against 
unauthorized changes to projects. 


Sets or changes the password for a 
user or a group. Passwords are kept 
encrypted for security. 


Substitute user. Verifies password to 
ensure that present user can tem- 
porarily operate under a different 
user name. 


letting them run asyn- 
chronously as directed 
by the user. 

1 Supports I/O redirection. 

[1] Connects processes with pipes. 
O Supports environment variables 
for each user that specify the 
home directory, prompt, mail 

file, and search path for 
executable commands. 

1 Can read, interpret, and execute 
a command file called a 
shell script, substituting 
arguments as directed. 
For command sequencing con- 
trol, recognizes “‘if...then...”, 
case switches, while loops, for 
loops over lists, break, and exit. 

O Supports execution of a shell 
script at log-in. 

C) Constructs argument lists from 
file name patterns used as 
arguments. 


Identifies the common lines in two 
files. 


Copies one file to another, or a set 
of files to a directory. Works on any 
file regardless of content. 


Copies one file to another with con- 
trol over other details such as the 
block size for files on tape. 


Reports the changes, additions, and 
deletions necessary to make two files 
identical. 


Displays a file so that the user can 
examine the information one full 
screen at a time. 


Searches the directory hierarchy for 
every file that meets specified 
criteria. Search criteria include: 
CL] Name matches a given pattern 
OU Creation date in a given range 
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Table l. 
System 
Utilities 
(Continued) 


File Management (Continued) 


find 


(cont) 


head 


LC) Date of last use in given range 
[] Given permissions 
1] Given special file 
characteristics 
LC) A boolean combination of the 
above 
Can start searching from any direc- 
tory. Performs a specified command 
on each file found. 


Displays a specified number of lines 
from the beginning of a file. 


Links another name (establishes an 
alias) to an existing file. 


Spools files to the line printer 
or the second line printer. 


Lists the names of one, several, or 
all files in one or more directories. 
Can display names in a single col- 
umn, multiple columns, or comma- 
separated list. Names can be sorted 
alphabetically, in ascending or 
descending sequence, or by 
modification date. Can display size, 
owner, group, date last modified, 
and permissions to read, write or 
execule. 


Status Information 


date 
daytime 


du 


file 


printenv 


ps 


Prints current date and time. 
Gives day and time display. 


Prints a summary of the total space 
occupied by all files in a directory 
and all subdirectories. 


Attempts to determine what kind of 
information is in a file by looking at 
the file system index and by reading 
the file itself. 


Prints shell environment variables, 
such as the terminal type known to 
VI: 


Reports on active processes for one 
or all users. Tells what commands 
are being executed. 


Communication 


cu 


gettile 


LOAD 


Provides dial-out capability to 
another machine. Intended for use 
with the VENTEL 212+ modem, 
which can automatically originate 
phone calls. 


Provides upload of files from a local 
MCZ-1, ZDS or System 8000 to a 
remote System 8000. 


Provides download of Z8000 code 
from System 8000 to Z8000 Develop- 
ment Module, Z-SCAN 8000 or EMS 


pr 


rm 


rmdir 
tail 


tar 


touch 


pstat 
pwd 


setenv 


stty 
tty 
who 


whoami 


local 


puttile 


remote 


Makes a new directory. 


Displays a file so that a user can 
examine the information 1n full or 
partial screenfuls, moving forward 
or backward. 


Moves a file or files. Used for 
renaming a single file or moving a 
number of files to a different 
directory. 


Prints tiles with date, page number, 
and file name on every page. Can 
produce column output and parallel 
column merge of several files. 


Removes a file. Only the name is 
removed if any other names are 
links to the file. Can delete entire 
directory hierarchies interactively or 
automatically. 


Removes a directory. 


Retrieves a specified number of 
lines from the end of a file. 


Creates a tape archive and retrieves 
from it. 


Changes the modification date of a 
file without changing the file. 


Prints detailed status from internal 
system tables. 


Prints the name of the user’s work- 
ing directory. 


Sets environment variables for the 
shell. Changes terminal type for 
screen editor vi. Built into the shell 
csh. 


Reports or changes the terminal 
characteristics. 

Prints the name of the user’s 
terminal. 


Prints who is on the system, with 
port assignments and time of log-in. 


Prints the current user name. 


8000 emulator, or Z8000 target hard- 
ware. Uses the Tektronix hex com- 
munication protocol. 


Reverses the effect of remote by 
returning the user to the local 
system. 


Provides download of files from a 
remote System 8000 to a local 
MCZ-1, ZDS or System 8000. 


Establishes communication by direct 
link to another System 8000. 
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Table l. Communication (Continued) 
System SEND Provides upload of Z8000 code from uucp Enables communication between 
Utilities Z8000 DM, Z-SCAN 8000, EMS uux ZEUS and another ZEUS system, or 
(Continued) 8000, or target hardware to System uulog between ZEUS and another UNIX 
8000. system. 
Slo Enables code downloaded with 
LOAD to access files on the System 
8000. 
System Maintenance 
ac Prints a cumulative connect time mknod Makes a new file system entry for a 
report by user or by day for all or special file that 1s a device. 
for selected users. mount Attaches a device containing a file 
accton Initiates collection of system accoun- system to the tree of directories. 
ting information for sa. ncheck For icheck or dcheck problems, 
adduser Adds a new user name to the displays correspondence of i-node 
system. numbers and file names. 
chown Changes owner of one or more files, quot Prints a summary of file space usage 
chgrp group (project) to which files by user. 
chog belong, both the owner and group, rc Brings the system up automatically 
chmog or the access privileges as well as after performing a file system con- 
owner and group. sistency check and setting the 
clri Clears one or more i-nodes. date/time information. 
dcheck Checks the integrity of the directory restor Restores a dumped file system, or 
structure. retrieves parts selectively. 
df Reports the amount of free space on rmuser Removes a user name from the 
file system devices. system. 
down Brings the system down smoothly, sa Prints an accounting report of com- 
after broadcasting to all users at in- mand usage, including the number 
tervals. of times each command was used, 
dump Dumps the file system on the total system time, total veer time, 
specified device either selectively, and elapsed real time, with optional 
by date, or in total. averages and percentages. 
fsck Performs file system consistency Syne Writes out super blocks to preserve 
check and makes repairs, 1f file system changes. 
necesary. sysgen Defines a new system contiguration. 
icheck Checks the integrity of the i-nodes umount Removes a device containing a file 
on the tile system by reporting system from the tree of directories. 
assignment of blocks either to files Protects against removing a busy 
or to the free list. device. 
mkfs Makes a new file system on a wall Writes a broadcast message to all 
device. users. 
Table 2. Running Programs 
Develop- at Schedules a command to be run at kill Terminates named processes. 
ment Tools an arbitrary time. nice Runs a command at low (or high) 
basename Prints name after removal of priority. Built into the shell csh. 
preceding path information. sleep Suspends execution for a specified 
echo Prints remainder of the command time. 
echo2 line. Useful for prompts or tee Passes data between processes and 
diagnostics in shell programs and in diverts a copy into one or more 
make files. Built into the shell csh. files 
weer, Performs integer arithmetic and test Supplies returned status codes as 
pattern-matching string computation values for shell scripts. 
for calculating command arguments. 
true Supplies truth values for shell 
gets Gets string from the terminal. Used fie6 scripts. 


in shell scripts. 
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Table 2. 
Develop- 
ment 

Tools 
(Continued) 


Running Programs (Continued) 


upkeep 


Maintains a record of directory con- 
tents and can report modifications of 
contents. 


walt 


Waits for termination of asyn- 
chronously running processes. Built 
into the shells sh and csh. 


Programming Support 


apropos 


Locates and prints descriptive infor- 


getNAME mation from manual entries for 


whatis 


calendar 


code 


error 


learn 


(library 
routines) 


mail 


utilities. 


Automatic reminder service selects 
events due same day and next day, 
according to the user's calendar. 


Prints characters and associated 
hexadecimal values. 


Disperses compiler error messages 
through program listing. 


Dumps any file in hexadecimal 
or octal. Output options include 
display in decimal or ASCII. 


The Z8000 linker for nonsegmented 
or segmented code. It combines 
relocatable object files and inserts 
required routines from specified 
libraries. 


Runs computer-aided instruction 
(CAI) scripts so that users can learn 
about ZEUS while using it. 


The basic run-time library. These 
routines can be used freely by all 
software. They include: 
O Buffered, character-by- 
character I/O 
C1 Formatted input and output 
conversion 
CJ Storage allocation 
[1 Time conversions 
1) Number conversions 
C1) Password encryption 
[1 Quicksort 
1 Random number generator 
[11 Mathematical function library, 
including trigonometric 
functions and inverses, 
exponential, logarithm, square 
root, and bessel functions. 


Prints a specified section of the 
ZEUS reference manual at the 
terminal. 


Mails a message to one or more 
user, or reads mail sent to the user. 


Languages 


adb 


Interactive Z8000 debugging tool. 
Provides breakpoint debugging with 
the debugger as a separate process, 
as well as supporting symbolic 
reference to global variables, a 
stack trace for C programs, 
patching, and postmortem dumping. 


make 


mesg 


prof 


prom 
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str 
strprint 


strip 


time 


write 


talk 
whereis 


xget 
xsend 
enroll 


Mail can be disposed of, saved ina 
file, or forwarded. 


Controls the creation of large pro- 
grams. Uses a control file specifying 
source file dependencies to make 
new versions; uses time last changed 
to deduce minimum amount of work 
necessary. Has built-in knowledge of 
file extensions for source, assem- 
bler, and object files. 


Inhibits receipt of messages from 
other users. 


Prints the symbol table of an object 
or executable program. Provides 
control over types of names and the 
order of names that are printed. 


Constructs a profile of time spent 
per routine from statistics gathered 
by time-sampling the execution of a 
new program. 


Transmits executable code to a 
PROM programmer. Intended for 
use with the Data I/O Model 19 with 


translation option. 


Reports the memory requirements of 
one or more executable files, 
including code, data, and stack 
sections. 


Collects software trouble reports and 
produces listing sent to Zilog. 


Removes the relocation and symbol 
table information from an executable 
file to save storage space. 


Runs a command and reports timing 
information on it. Built into the shell 
csh, 


Creates a direct terminal connection 
to another user, transmitting entire 
lines or characters. 


Locates binary code and manual en- 
try for a utility. 


Receives or sends secret mail or 
establishes password for secret mail. 


The Z8000 PLZ/ASM assembler for 
nonsegmented or segmented Z8000 
code. 


A C-like interactive interface to the 
desk calculator dc. It includes 
arrays and recursive functions. 
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Table 2. 
Develop- 
ment 

Tools 
(Continued) 


Languages (Continued) 


cb 


cc 
SCC 


ctags 


cxref 


dc 


{77 


A beautifier for C programs; it does 
proper indentation and placement of 
braces. 


Compiles programs written in the C 
language. cc generates non- 
segmented Z8000 code, and scc 
generates segmented Z8000 code. 
The ZEUS operating system and the 
C compiler itself are written in C. 
The major features of C are: 

(1 General-purpose language 
designed for structured 
programming. 

LC Data types include character, 
integer, float, and double, 
pointers to all types, functions 
returning those types, arrays of 
all types, structures and unions 
of all types. 

[1] Operations intended to give 
machine-independent control. 

(1 Macro-preprocessor for 
parameterized code and inclusion 
of standard files. 

(11 All procedures can be recursive, 
with parameters passed by value. 

1) Machine-independent pointer 
manipulation. 

C1) Object code uses full addressing 
capability of the Z8000. 

(1 Run-time library gives access to 
all system facilities. 

C1) Definable data types. 

O) Block-structured language. 


Maintains tags file for use in editing 
large C or Fortran programs. 


Produces cross-reference lising of 
routines in a C program. 


Interactive programmable desk 
calculator. Has named storage loca- 
tions, stack for holding integers or 
programs, unlimited precision 
decimal arithmetic, and reverse 
Polish operators. 


Compiles programs written in the 
Fortran 77 language and produces 
either nonsegmented or segmented 
Z8000 code. (Fortran is an option on 
System 8000.) 


Text Processing 


awk 


crypt 


ed 


A pattern scanning program and 
processing language. Searches 
input for patterns and performs 
appropriate actions. 


Encrypts and decrypts files for 
security. 


Interactive, line-oriented context 
editor providing random access to 
all lines in a file. It lets the user: 


lex 


lint 


m4 


pascal 


plz 


rmcobol 
runcobol 


yacc 


z8as 


z80as 
z80cc 


Generates lexical analyzers. 
Arbitrary C functions can be called 
upon isolation of each lexical token. 
It supports full regular expressions, 
plus left and right context 
dependence. Resulting lexical 
analyzers interface cleanly with 
yacc parsers. 


Verifies C programs and reports any 
machine-dependent constructs. It 
does full cross-module checking of 
separately compiled programs. 


A general-purpose macroprocessor 
that is stream-oriented and 
recognizes macros anywhere in the 
text. Its syntax fits with the func- 
tional syntax of most higher-level 
languages. It can evaluate integer 
arithmetic expressions. 


Compiles programs written in the 
Pascal language and produces 
nonsegmented Z8000 code. (Pascal 
is an option on System 8000.) 


Compiles programs written in Zilog’s 
PLZ/SYS language and produces 
nonsegmented or segmented Z8000 
code. 


Generates an intermediate code and 
then interpretively executes pro- 
grams written in the COBOL 
language. (COBOL is an option on 
System 8000.) 


An LR(1)-based compiler writing 
system. During execution of 
resulting parsers, arbitrary C func- 
tions can be called to do code 
generation or semantic actions. Syn- 
tax specifications are in BNF and it 
takes precedence relations. It 
accepts formally ambiguous gram- 
mars with non-BNF resolution rules. 


Assembles code for the Zilog Z8 
microcomputer. (Z8 assembler is an 
option on System 8000.) 


Assembles code for the Zilog Z80 
microprocessor, or compiles C pro- 
grams to produce Z80 code. (Both 
are options on System 8000.) 


QO) Find lines by number or pattern. 
Patterns may include specified 
characters, don’t care characters, 
choices among characters, 
repetitions of these constructs, 
beginning of line and end of line. 

C1) Add, delete, change, copy, move 
or join lines. 

1) Permute or split contents of a line. 
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Table 2. 
Develop- 
ment 

Tools 
(Continued) 
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ed 
(Cont ) 


ex 
edit 


grep 
egrep 
fgrep 
look 


sed 


sort 


spell 
spellin 
spellout 


Text Processing (Continued) 


O Replace one or all instances of a 
pattern with a line. 

[1 Combine or split files. 

OC Escape to the shell during 
editing. 


Line-oriented editors that are 
supersets of ed and contain many of 
the commands found in vi. 


Prints all lines in a file that satisfy a 
pattern, including line numbers if 
requested. 


Searches for words in a sorted file 
that begin with a specified prefix. 


Stream-oriented version of ed. Per- 
forms a sequence of editing opera- 
tions on an input stream of 
unrestricted length. 


Sorts or merges ASCII files line by 
line. Sorts alphabetically or by 
numeric key. Multiple keys are 
located by delimiters or by position. 
Sorts in ascending or descending 
order. 


Looks for spelling errors by compar- 
ing each word in a document 
against a 25,000-word dictionary 
that includes proper names. It 
handles common prefixes and suf- 
fixes. It also can collect words to 


Text Formatting 


checkeg 


col 
deroff 


eqn 


expand 


(man 
macros) 


(ms 
macros) 


Checks validity of eqn constructs. 


Arrange files with reverse line feeds 
for one-pass printing. 


Removes all nroff, troff, eqn, and tb! 
commands from input. 


A mathematical typesetting 

preprocessor for troff. Translates 
formulas that are easily read into 
detailed typesetting instructions. 


Expands tabs to spaces for printing. 


A standardized document layout 
package that does formatting for en- 
tries in the ZEUS Programmer's 
Manual. For use with nroff or troft. 


A standardized manuscript layout 
package for use with nroff and troft. 
It includes macros that do: 

CO Page numbers and draft dates. 


unig 


vi 
view 


wc 


negn 


nrotf 
troft 


tabs 


tbl 


add to the systems’ spelling 
dictionary. 


Collapses successive duplicate lines 
of a file to a single line. 


Visual CRT-oriented text editor. 
Works with almost any addressable- 
cursor CRT terminal. Features of vi 
include: 

1) Cursor movement on character, 
word, line, sentence, paragraph, 
section, or page basis. 

[J Cut and paste. 

[] Optional automatic indentation 
for entry of programs in a block 
structured language. 

Oj Full-screen display of current text 
in file. 

(1) User-specified margin for 
automatic return when typing 
text. 

CU Escape to the shell while editing. 

Ci A line-oriented mode compatible 
with ed. 

C1 A user modifiable data base of 
CRT terminal control information. 

1) For important files, a read-only 
version named view. 


Counts the lines, words, and 
characters in a file. 


C] Automatically numbered 
subheads. 

1) Footnotes. 

CJ Single- or double-column output. 

(] Paragraphing, display, and 
indentation. 


A version of eqn for nroff; it accepts 
the same input language. 


Advanced text formatting. nroff 
drives ASCII terminals or printers of 
all types, and troff drives a Graphic 
Systems phototypesetter or 
equivalent. 


Sets the tabs on a variety of ter- 
minals for printing. 


A preprocessor for nroff and troff 
that translates simple descriptions of 
table layouts and contents into 
detailed typesetting instructions. 


System 


Model 20/30 Physical 


Model 20/30 Environmental 


Charac- Height 84 cm (33 in.) Operating Temperature 10°C 
teristics Width 48 cm (19 in.) (50° F) min. 
Depth 61 cm (24 in.) 40°C 
Weight (Model 20) 60 kg (132 pounds) (104° F) max. 
approximate Relative Humidity 80% 
Weight (Model 30) 70 kg (154 pounds) (Noncondensing) 
approximate Disk Performance 
Model 20/30 Electrical Rotation Speed 3,600 RPM 
Domestic Power ON to Ready 60 seconds 
Voltage 117 ac+ 10% Time 
Phase single Average Positioning 43 ms 
Frequency 60 Hz Time 
Current (sustained) 3.5 A maximum Number of Surfaces 3 
Current (surge) 4.5 A maximum Tracks per Surface 600 
International Sectors per Track 24 
Voltage 220 ac+ 10% Bytes per Sector ole 
Phase single Data Transfer Rate 801K bytes/s 
Frequency 90 Hz Tape Drive Performance 
Current (sustained) 1.9 A maximum Speed Read/Write 30 ips (90 ips) 
Current (surge) 2.5 A maximum (rewind/search) 
Tracks 4 
Recording Density 6400 BPI 
00 2143 02 
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EMS 8000 
Emulator Subsystem 


VY Product 


2 a 
Zilog Brief 
June 1982 
Features @ Modular architecture can be easily mappable memory can be accessed by the 
expanded to support emulation of future target system. 
Zilog microprocessors. @ A pulse output feature permits use of a 
m A unique “snapshot” feature permits parti- high-end logic analyzer. 
tioning of a large real-time trace module ™ Network debugging is supported. 


into many small trace memories. 
m@ Full access is permitted to the target micro- 


m Three parallel trigger comparators are processor's registers, memory and I/O 
provided. space 

@ Logic-state analysis is provided for target mw A “transparent” mode allows the same 
CPU address, data, status, control and terminal to be used for host and EMS user 
external probe bits. interface 


@ Up to 126K bytes of high-speed, static 


= 


SERRE MARRERO 


on ae ae 
Ea ter onndwacttoew ts: 


Fa 


OF es 


Description EMS 8000 is a high-end, emulation manage- system and the target system. It also aids in the 
ment system. The EMS 8000, together with integration of the software into the target 
Zilog’s UNIX*-based System 8000! Z-LABIM, system. Emulator to target system hookup is 
provides the developer of Z8000 simple and immediate. A CPU pod/cable 
microprocessor-based products with a com- assembly directly replaces the target CPU. The 
plete set of tools for speeding up the product emulator preserves the full capability of the 
development cycle. target microprocessor. The emulator can start 

The emulator provides the link between the or stop program execution or it can perform 


application software developed on a host 
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Description 
(Continued) 


single-step execution. Individual registers or 
memory can be examined and modified upon 
demand. Newly developed programs may be 
loaded into the development (target) hardware 
and executed in a real-time environment. 


EMS 8000 Network. Up to 8 emulator systems 
can be configured into a network that permits 
emulation of up to 8 distinct Z8000 micro- 
processors to begin and end simultaneously. 
This type of emulation capability enables 
message passing 1n a communications system 
to be monitored from source to destination. 
Individual emulator systems can be defined 
as being either 1n or out of a “break group.” 
Those systems out of a “break group” can 


function as independent emulators with all the 
capabilities of EMS 8000 and the full use of the 
host resources, while those 1n the break group 
are debugging multiple processor systems. 


Mappable Memory. The emulator permits the 
user to access up to 126K bytes of mappable 
memory. This memory may be substituted 
anywhere 1n the target microprocessor’s 
memory space and can be mapped with 2K 
byte resolution. Mapped memory can be 
declared as unprotected, write-protected, data 
memory only, or nonexistent. Mapping is also 
provided for systems using separate code/data/ 
stack memory spaces for both System and Nor- 
mal modes. 


Hardware 


Description 


A tully configured EMS 8000 emulation sys- 
tem (see Figure 1) contains the following units: 


@ The EMS 8000 unit itself. 
m A CPU Pod/Cable Assembly. The CPU Pod 


contains the processor chip to be emulated 
plus required interface circuitry. Pods are 


available for the Z8001 and Z8002. 


TARGET 


eooeeee 


eee LOGIC ANALYZER 


m The EMS 8000 requires a host computer and 
a user CRT terminal. All EMS 8000 software 
is downloaded to the target system at the 
beginning of the debugging session. Ap- 
plication software developed on the host 
computer can also be downloaded to the 
target system via the EMS 8000. 


To any one 
of the 
following hosts: 
System 8000 
Z-LAB 
PDS 8000 
ZDS 1/40 
MCZ 1 
MCZ 2 


Figure 1. Hardware Configuration 


Software 


The EMS 8000 interfaces with Zilog computer 
systems. This capability allows the user access 
to all of the powerful development tools and 
cross-software of either the ZEUS or RIO 
operating system. The EMS 8000 software pro- 
vides a friendly, self-prompting interface for 
the user. 


Interface With UNIX-Based Host System. 
When the System 8000 Z-LAB is the host com- 
puter, the EMS 8000 can make use of ZEUS, 


*UNIX 1s a trademark of Bell Laboratories, 


Zilog’s enhanced UNIX* operating system. This 
system provides a sophisticated hierarchial file 
structure, C, PLZ/SYS, a Z8000 assembler, a 
compiler-writing system, and a general pur- 
pose macroprocessor. 


EMS 8000 Monitor Software. EMS 8000 
monitor software is downloaded from the host 
during powerup; therefore, it can be easily 
modified and upgraded to improve both its 
effectiveness and its applicability. 
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@ Provides Real Time Emulation up 
to 4 MHz of the Z8001 and Z8002 
CPUs. 


@ Two RS-232C Serial Ports Make It 
a Peripheral Usable with Most 
Standard CRTs and Software 
Hosts. 


OVERVIEW 


The Z-SCAN 8000 Emulator is an 1n- 
circuit emulator that has been designed 
as a peripheral unit for Zilog’s Z8001 
and Z8002 16-bit microprocessors. 
Interfacing via two RS-232C Senial 
ports to host and CRT terminal, 
Z-SCAN 8000 can work with Zilog’s 
family of development hosts. 

Because it employs a standard serial 
interface, Z-SCAN 8000 can also be 
used with virtually any software host 
system that runs a cross assembler or 
cross compiler capable of generating 
Z8000 code. Communication between 
the host system and Z-SCAN 8000 1s 
with a standard serial format requiring 


28000” Emulator 
Z-SCAN 8000 


Product 
Description 


June 1982 


@ Shadow Monitor Removes All 
Restrictions on Target System 
Memory Space, Making It Fully 
Available To the User. 


™@ High-Speed Mappable Memory 
(no wait states) Is Available to 


Simulate Target System 
RAM/ROM. 


@ Transparent Operation Permits 
Direct Communication Between 
CRT and Host without Physical 
Disconnect. 


@ Highly Interactive, Screen- 
Oriented User Interface Makes 
Z-SCAN Easy To Use. 


only a simple upload and download 

utility to operate. For PROM-based 

target systems, Z-SCAN can operate 
stand-alone with a CRT terminal tie 
because the monitor and debug soft- 

ware is EPROM-resident. 

In keeping with Zilog’s design 
philosophy of separating a develop- 
ment system into two identifiable units 
(the software host and an emulation 
peripheral), Z-SCAN 8000 fits into 


for the Z8001 and Z8002 micro- 
processors available from Zilog. 


8000 allows a low-cost emulation 


system. 


three scenarios, making 1t a highly ver- @ As a stand-alone in-circuit emulator 


that can operate with most CRT 
terminals, Z-SCAN 8000 provides 
simple testing and debugging 
capability for PROM-based target 
systems. 


satile unit: 


@ Asa peripheral to Zilog’s PDS 8000 
and ZDS-1 Series of development 
systems, Z-SCAN 8000 completes 


the development support package 


As a peripheral to any development 
host with the capability of compiling 
or assembling Z8000 code, Z-SCAN 


capability which precludes substan- 
tial reinvestment in a software host 
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SYSTEM FEATURES 
User Interface. Z-SCAN 8000 incor- 


porates the use of a two-dimensional 
screen-oriented user interface which 
makes it easy to use. Because it is 
general-purpose in nature, the user 
interface does not require a custoniized 
CRT terminal to operate. The only 
requirements are that the CRT terminal 
have screen erase, line erase, and cur- 
sor addressing capability. 

The objective of the user interface is 
to provide'a screen format with a 
menu-like approach, which directs the 
user through the operation of the emu- 
lator. The user is aware at all times of 
where he/she is in the debug process 
because Z-SCAN 8000 provides the 
CRT information about system para- 
meters, system resources, current 
execution, and error messages. When 
the system is turned on, a bootstrap 
routine produces a display informing 
the user of the unit's configuration and 
requesting the user to define set-up 
parameters. A menu of display choices 
shows the user the different capabilities 
of the system: 


® The Memory/I/O command display 
shows the various memory and I/O 
manipulation commands which 
access the target system. 


™@ The Resources display presents the 
user with the full complement of 
arguments applicable to emulation 
of the target system. 


™@ The Execution display shows all the 
commands and parameters neces- 
sary to cause emulation to take 
place. 


At all times, execution of specific 
Monitor commands is possible, and 
information on other relevant system 
parameters and resources is always dis- 
played. This highly interactive user 
interface makes it possible to use 
Z-SCAN 8000 without frequent 
reference to the operating manual. 


Shadow Memory. Z-SCAN 8000 is a 
single, CPU-based system that can be 
configured to emulate either the Z8001 
or Z8002 by simply exchanging the 
CPU, monitor EPROM, and the 
emulator cable. 

Although the system uses a single 
CPU for both monitor and emulation 
functions, no restrictions are placed on 
the target system memory size. This 1s 
because the entire monitor resides in 
shadow memory and, therefore, does 
not appear in the target system memory 
space. This feature also provides the 
benefit of making future system expan- 
sion possible without any hardware 
redesign. 


ADDRESS/DATA 


SEGMENT 


STATUS 


BUS 


COMPARE 
VALUE 


ADDRESS/DATA 
COMPARATORS 


INSTRUCTION 
FETCH 
DETECT 


COUNTER 


SEGMENT 


COMPARATORS 


DON’T 
CARE 


COMPARE 
VALUE 


COMPARE 
VALUE 


STATUS 


COMPARATORS 


DON’T 
CARE 


¥ MATCH 


COUNTER 


BREAKPOINT 


D LOGIC 


Figure 1. Hardware Trigger Implementation 


Hardware Trigger. Z-SCAN 8000 
offers the capability of setting break- 
points in three different fields or ina 
combination of these fields. These are 
the Address/Data Field, the Segment 
Field, and the Control/Status Field. A 
Pass Counter can be set up to a max- 
imum of 255 counts to allow multiple 
pass triggering. In addition, Z-SCAN 
8000 may also be set to break on 
instruction fetches only (single-step 
execution), or, by using a Pass 
Counter, may be set up to a maximum 
of 247 counts to allow triggering on 
multiple instruction fetches (multi-step 
execution). 

With these two capabilities, a break- 
point argument can be set up which 1s 
on ORed condition allowing for either 
a break-on-field (or combination of 
fields) argument or for “n” instruction 
fetches, whichever occurs first. This 
ORed situation is convenient when 
tracing through a program in search of 
a specific occurrence. A pulse output, 
providing a trigger pulse on break- 
point match condition is available on 
the rear panel to trigger auxiliary test 
instrumentation. 


Mappable Memory. Z-SCAN 8000 
offers a 4K work block of high-speed 
static RAM. This block is available to 
the user to simulate a target system 


memory block which would typically 
be ROM. No Wait states are required 
at 4 MHz. This block is mappable 
anywhere in the Z8001 and Z8002 
address space and can be specified to 
be Normal Code, Normal Data, Normal 
Stack, System Code, System Data, 
System Stack, or Space Independent. 
Mapping must be done on 4K word 
boundaries only, and the entire block 
can be write protected against illegal 
writes to cause system emulation either 
to break on such occurrences or con- 
tinue emulation. An error message 
appears on the CRT display informing 
the user of an illegal write. 


Software Trace. Z-SCAN 8000 offers a 
software trace feature which provides 
insight into target system activity and 
CPU resources. In the Trace Mode, the 
system displays the address of the 
instruction being executed and the 
contents of the CPU registers (both 
general-purpose and control) con- 
secutively, covering one full screen 
format. 

For example, displaying the CPU 
registers associated with every instruc- 
tion executed just prior to executing a 
Break is tremendously useful to the 
user during debug of target system 
activity. 
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SPECIFICATIONS 


CPU Mappable Memory 
Z8001 or Z8002 per configuration 4096 x 16 Static RAM (no Wait states at 
Clock Rate 4 MHz while operating off User clock) 
500 kHz-4.0 MHz (external) Inputs 
Vo One standard LS-TTL load plus 30 pF 
Two RS-232C Serial Ports for CRT and OnTNUIE 
host Outputs 
Baud Rate Capable of driving one standard LS-TTL 


Automatically selected from 50 to 19.2K load plus 30 pF preload 


Rear Panel Output 


Front Panel 
Target/Monitor, Reset, and NMI toggle 
switches 


Power 
110/220 Vac, 50/60 Hz switch selectable, 
60 VA maximum 


Dimensions 
41n. (10.2 cm) (H) x 14% in. (36.8 cm) 
(W) x 18 1n. (45.7 cm) (D) 


Emulator Cable 


sar i Data, Seqment and Address BNC connector for pulse output, standard 12 inches 

Control, Address and Control, Data and LS-TTL 

Control, Segment and Address and 

Control, Instruction Fetch, OR combina- 

tion of Instruction Fetch and any Field 

argument 

AC CHARACTERISTICS 

Number 28001/2 Z-SCAN 

Symbol Parameter Min(ns) Max(ns) Min(ns) Max(ns) 
1 TcC Clock Cycle Time 250 2000 250 2000 
2 TwCh Clock Width (High) 105 2000 105 2000 
3. TwCl Clock Width (Low) 105 2000 105 2000 
4 TiC Clock Fall Time 20 20 
5— TrC———————_ Clock Rise Time 20 ——____—___—___—— 20 ———- 
6 TdC(SNv) Clock t to Segment Number Valid (50 pF load) 130 175 
7  TdC(SNn) Clock t to Segment Number Not Valid 20 35 
8 TdC(Bz) Clock t to Bus Float 65 165 
9 TdC(A) Clock t to Address Valid 100 163 
10— TdC(Az)—————- Clock t to Address Float 65 ——_—_——_—_————— 154——— 
11 TdA(DI) Address Valid to Data In Required Valid 455 383 

12 TsDI(C) Data In to Clock | Setup Time 50 76 

13. TdDS(A) DS t to Address Active 80 -4 

14 TdC(DO) Clock 1 to Data Out Valid 100 163 
15— ThDI(DS) Data In to DS t Hold Time 0 -20 

16 TdDO(DS) Data Out Valid to DS t Delay 295 269 

17. TdA(MR) Address Valid to MREQ | Delay 55 29 

18 TdC(MR) Clock | to MREQ } Delay 80 143 

19a TwMRh MREO Width (High) 210 193 

19b — TwMRh——————- MREOQ Width (High) During Monitor Operation 184 

20 TdMR(A) MREOQ | to Address Not Active 70 53 

21 TdaDO(DSW) Data Out Valid to DS | (Write) Delay 55 59 

22 TdMR(DI) MREOQ } to Data In Required Valid 350 287 

23  TdC(MR) Clock } MREQ t Delay 80 134 

24— TdC(ASf) Clock t to AS | Delay 80 ————————________— 134 

25 TdA(AS) Address Valid to AS t Delay 55 29 

26 TdC(ASr) Clock | to AS ft Delay 90 144 

27. TdAS(DI) AS t to Data In Required Valid 340 277 

28 TdDS(ASs) DS t to AS | Delay 70 53 

29 —TwAS—————— AS Width (Low) 70 53 

30 TdAS(A) AS t to Address Not Active Delay 60 43 

31 TdAz(DSR) Address Float to DS (Read) |! Delay 0 ~4) 4 

CONTINUED ON NEXT PAGE 
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AC CHARACTERISTICS 


Number Z8001/2 
Symbol Parameter Min(ns) Max(ns) Min(ns) §Max(ns) 
32 TdAS(DSR) AS t to DS (Read) | Delay 70 53 
33 TdDSR(DI) DS (Read) | to Data In Required Valid 185 122 
34 TdC(DSr) Clock | to'DS t Delay 70 65 
35 TdDS(DO) DS t to Data Out and STATUS Not Valid fe) 58 
36 — TdA(DSR) ——-— Address Valid to DS (Read) } Delay 180 154 
37. TdC(DSR) Clock f to DS (Read) | Delay 120 174 
38. TwDSR DS (Read) Width (Low) 2/15 258 
39 TdC(DSW) Clock | to DS (Write) | Delay 95 149 
40 TwDSW DS (Write) Width (Low) 185 168 
41 —TdDSI(DI)——— DS (Input) | to Data In Required Valid 320 266 
42 TdC(DSf) Clock | to DS (I/O) | Delay 120 174 
43 TwDS DS (I/O) Width (Low) 410 393 
44 TdAS(DSA) AS t to DS (Acknowledge) | Delay 1065 1048 
45 TdC(DSA) Clock t to DS (Acknowledge) | Delay 120 174 
46— TdDSA(DI)——- DS (Acknowledge) | to Data In Required Delay 435 381 
47 TdC(S) Clock f to Status Valid Delay 110 162 
48 TdS(AS) Status Valid to AS t Delay 60 45 
49 TsR(C) RESET to Clock t Setup Time 180 208 
50 ThR(C) RESET to Clock t Hold Time 0 15 
S1——TwNMI ————— NMI Width (Low) 100 116 
52. TsNMI(C) NMI to Clock ft Setup Time 140 154 
53 =TsVI(C) VI, NVI to Clock tf Setup Time 110 118 
54 ThVI(C) I, NVI to Clock t Hold Time 0 22 
55 TsSGT(C) SEGT to Clock t Setup Time 70 78 
56—ThSGT(C)—— SEGT to Clock t Hold Time 0 22 
57. TsMI(C) MI to Clock 1 Setup Time 180 188 
58 ThMI(C) MI to Clock | Hold Time 0 22 
59 TdC(MO) Clock t to MO Delay 120 165 
60 TsSTP(C) STOP to Clock | Setup Time 140 148 
61—-ThSTP(C) STOP to Clock | Hold Time 0 22 
62 TsWT(C) WAIT to Clock | Setup Time 50 78 
63. ThWT(C) WAIT to Clock | Hold Time 10 25 
64 TsBRO(C) BUSREO to Clock t Setup Time 90 98 
65 ThBRO(C) BUSREO to Clock t Hold Time 10 32 
66 —TdC(BAKr) Clock t to BUSACK ft Delay 100 145 -——— 
67 TdC(BAKf) Clock t to BUSACK |! Delay 100 145 
ORDERING INFORMATION Systems recommended: 
Part No. Description Description Prerequisites 
05-0100-00  Z-SCAN 8000/1 Emulator ZDS-1 Series Development Systems Z8000 SDP 
(Supports 28001 Emula- = png _g000 Series Development 78000 SDP 
tion and Control) ee 
05-0100-01 Z-SCAN 8000/2 Emulator 
(Supports Z8002 Emula- 
tion and Control) 
05-0101-00  Z8001 Field Support Kit 
(Converts Z-SCAN 
8000/2 into Z-SCAN 
8000/1) 
05-0102-00 28002 Field Support Kit 
(Converts Z-SCAN 
8000/1 into Z-SCAN 
8000/2) 
05-0103-01 Z-SCAN 8000 Emulator 
Includes Z8001 and 
Z8002 CPU s, emulator 
cables and serial inter- 
face cables. 
00-1041-02 
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Z8000™ 
Development Module 


Product 


Zilog Description 


@ Z8001/Z8002 CPU Evaluation and 
Debug Support 


m@ 16K Words Dynamic RAM 
(Expandable to 32K for User Code 
Execution and Debug 


@ 32 Programmable I/O Lines 
m@ EPROM Monitor and Debugger 


@ Transparent Operation Allows 
Software Development without 
Disconnection from CRT and Host 
System 


@ RS-232C Standard Serial Interfaces 
Compatible with Most CRT Ter- 
minals and Development Hosts 


@ Wire-wrap Area for Prototyping 


June 1982 


His 
Wega Wie 


OVERVIEW 


The Z8000 Development Module 1s a 
complete, single-board microcomputer 
that 1s used as a tool for the evaluation 
and debug of Z8000-based micro- 
processor systems. The Development 
Module 1s used 1n the first stages of the 
design and development process, not 
only as a tool for evaluating Z8000 
microprocessor capabilities, but also as 
an environment in which code can be 
executed and debugged. 


Evaluation. The Development Module 
provides a ready-made environment in 
which the user can execute software 

unique to his Z8000-based application, 


evaluate the CPU's performance, and 
then reach a realistic decision about its 
suitability for a specific application. 


Software Debug. In addition to use as 
an evaluation tool, the Z8000 Develop- 
ment Module can be used to debug 
and modify user code. For the software 
designer, the Development Module is a 
real Z8000 environment 1n which he 
can execute code and carry out fairly 
extensive debugging. For the hardware 
designer, the Development Module 1s 
an example of Z8000 hardware design 
which provides special hooks and wire- 
wrap facilities to strap on additional 
logic. 
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FUNCTIONAL DESCRIPTION 


Z8000 code developed on a software 
host may be downloaded serially to the 
Development Module RAM area via a 
serial port, and executed and debugg- 
ed under EPROM monitor control. 
Once the system is connected, no fur- 
ther disconnection is necessary as the 
module has two serial ports (one con- 
nected to a host and the other con- 
nected to a CRT terminal). A simple 
software command makes the develop- 
ment process transparent in the serial 
path, thereby allowing direct communi- 
cation between the host and terminal. 
The serial RS-232C interfaces allow vir- 
tually any software development host 
and CRT terminal to be used. For 
PROM-based code testing, the devel- 
opment module is self-contained and 
can operate stand-alone with a CRT 
terminal, since the host is only 
required for storage of user code 
on disk. 

A variety of jumper areas and 
switches permit the selection of clock 
rates ranging from 2.5 to 3.9 MHz; the 
use of 2708, 2716, or 2732 EPROMs; 
the use of 4K or 16K RAMS; serial 
interface to modem, terminal, or tele- 
type; I/O port addressing; and baud- 
rate selection from 110 to 19200 baud. 


Hardware. The Z8000 Development 
Module is available in two versions: 
one supports the segmented Z8001 
microprocessor; the other supports the 
non-segmented Z8002 microprocessor. 


Z8001 Development Module. The 
Z8001 Development Module consists of 
a Z8001 CPU, 16K words of dynamic 
RAM (expandable to 32K words), 4K 
words of EPROM monitor (user- 
expandable to 8K words), a Z80A SIO 
providing dual serial ports, a Z80A 
CTC peripheral chip providing four 
counter/timer channels, two Z80A PIO 
devices providing 32 programmable 
I/O lines, and wire-wrap area for pro- 
totyping hardware. 


Z8002 Development Module. The 
Z8002 Development Module consists of 
a Z8002 CPU, 16K words of dynamic 
RAM (expandable to 24K words), 2K 
words of EPROM monitor (user- 
expandable to 8K words), a Z80A SIO 
device providing dual serial ports, a 
Z80A CTC peripheral device providing 
four counter/timer channels, two Z80A 
PIO devices providing 32 program- 
mable I/O lines, and wire-wrap area 
for prototyping. 


COMMAND 


INTERPRETER 


DEBUGGER 


Figure 1. Monitor Block Diagram 


Software. The monitor software 
(Figure 1) contained in EPROM (4K 
words for the Z8001 and 2K words for 
the Z8002) provides debugging com- 
mands, I/O control and host interface. 
It consists of a terminal handler, com- 
mand interpreter, debugger and 
upload/download handler. 


Terminal Handler. A Terminal Handler 
provides interface to the console 
device to facilitate output to a display 
or printing mechanism and input from 
a standard ASCII keyboard. 


Debugger. The Debugger provides a 
basic set of debug commands to allow 
the user to start and stop program exe- 
cution, display and alter CPU 
registers, flags or memory, and trap 
instruction sequences. 


Command Interpreter. The Command 
Interpreter scans console inputs, 


BYTE 
ADDRESS ss 


ensures command validity and passes 
to other software modules in the 
monitor. 


Upload/Download Handler. The 
Upload/Download Handler provides an 
interface between the serial connection 
and the host computer, the command 
interpreter and the memory resources 
of the Z8002 Development Module. It 
formats and interprets asynchronous 
data streams to and from the host and 
provides error checking and recovery 
for the serial interface (see Figure 2). 


Memory Organization. Tables ] and 2 
show the memory maps for the two ver- 
sions of the Development Module. The 
organization of ROM and RAM in both 
the segmented and nonsegmented 
modes is indicated. 


DATA 


Figure 2. Serial Data Format 
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1047-001, 002 


Address (Hex) 
0000 
OFFF 


1000 
SFFF 


4000 
BFFF 


C000 
FFFF 


Segment 0 

Memory Address (Hex) Memory 
Monitor 0000 Monitor 
EPROM 1FFF EPROM 
User EPROM 2000 User EPROM 
(User Installed) 3FFFF (User Installed) 
Standard 4000 Monitor RAM 
RAM 49OFF (Scratchpad Area) 
Expansion RAM 4A00 Standard RAM 
(User Installed) BFFF 

C000 Expansion RAM 

FFFF (User Installed) 


Table 1. Z8002 Development Module Memory Map 


Segment 1 


Address (Hex) Memory 


0000 Expansion RAM 
3FFF (User Installed) 
4000 Unused 

FFFF 


Table 2. Z8001 Development Module Memory Map 


MONITOR COMMAND SUMMARY 


The following notation is used in the 


command description: 


<> Enclose descriptive names for the 
quantities to be entered, and are 
not actually entered as part of the 


command. 


[] Denote optional entries in the com- 


mand syntax. 


| Denotes “OR”, eg. W|B denotes that 
either W or B may be used but not 


simultaneously. 


< Prompt sign for the nonsegmented 


Z8002 monitor. 


[ Prompt sign for the segmented 


Z8001 monitor. 


The following commands apply when 
the Z8001 monitor is used. All com- 
mands listed remain the same except 
those that permit reference to seg- 
mented addresses as follows: 


<address> = 


[<segment number>] <offset 


address > 


<segment number> = 
“<“<hex number in 
7-bit range >">" 


BREAK < address > 
[<n>] 


COMPARE 
<address 1> 
<address 2><n> 


DISPLAY <address > 
<n>[L|W|B] 


FILL <address 1 > 
<address 2> <word> 


Sets and clears a breakpoint at a 
given memory address. The option 
<n> allows specification of the 
number of occurrences, where n is 
from | to 128. The default is one. 


Compares two blocks of memory 
data beginning with the addresses 
specified for <n> bytes, where n 
is from 1 to 128. Errors are 
reported on the console device. 


Displays and modifies memory for 
<n> number of words or bytes. 
The optional entry allows data to 
be handled as bytes, words, or 
long words. The default is words. 


Stores the <word> from memory 
address | to and including 
address 2. 


GO 


IOPORT < address > 
[W|B] 


JUMP < address > 


MOVE < address 1 > 
<address 2> <n> 


NEXT[<n>] 


PUNCH < address 1> 
<address 2> 


QUIT 


REGISTER 


[<register name> ] 


TAPE 


Begins program execution at the 
address contained in the current 
PC; execution is resumed where it 
was last interrupted. All registers 
are restored prior to execution. 


Allows direct communications from 
the console to a selected I/O port. 
A word (W) or a byte (B) may be 
read from the selected port and a 
word or byte may be sent to the 
selected port; default is byte. 


Unconditional branch to the speci- 
fied address. All registers are 
restored prior to execution. 


Moves contents of a memory block 
from source address <address 1 > 
to destination address 

<address 2> for <n> bytes. 


Executes the next <n> machine 
instructions. <n> may be from 
1 to 128. If n is omitted, 1 is 
assumed. 


Punches a copy of memory from 
address 1 to address 2 on paper 
tape on the console device. Auto- 
matically turns on punch and a 
null leader is created. 
Upload/Download section 
describes the tape format used. 


Places serial channels into trans- 
parent mode. The Z8000 Develop- 
ment Module must be connected to 
both the Zilog host and the console 
device, and the Development 
Module acts as a message 
switcher. 


Allows examination and modifica- 
tion of Z8000 registers. 8-bit, 16-bit 
or 32-bit quantities may be 
selected by the appropriate 
register-naming conventions. 


Loads memory from paper tape via 
the console device. The 
Upload/Download section 
describes the tape format used. 
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SPECIFICATIONS 


Microprocessor Input/Output Power 
Z8001 or Z8002 CPU Parallel: 32 Lines (Two Z80A-PIOs) +5V,3A 
Clock Rate: 2.5 MHZ or 3.9 MHz Serial: Dual RS-232C or RS-232C and +12 V,1A 
Memory Current Loop (Z80A-SIO) 232 -V, 0.2.4 
ROM: 2K or 4K Words (Expandable Note Physical 
to 8K Words) The user has access to all bus signals to allow Height 1.75 in. (4.5 cm) Inclusive of 
RAM: 16K Words (Expandable custom system expansion into the wire-wrap area Standoffs 
to 32K Words) eteboare Width —-14.0 in. (35.6 cm) 
Interrupts Depth 11.0 in. (27.9 cm) 
Maskable Vectored (256), Maskable Weight Approx. 30 oz. (850 gm) 


Non-vectored, Non-maskable, 
Segmentation Trap 


ORDERING INFORMATION 
Part No. Description 


05-6168-01 Z8001 Development Module 

05-6101-01 Z8002 Development Module 

05-6171-01 Z8001 Conversion Kit (converts Z8002 Development Module into 
Z8001 Development Module) 


Systems recommended for use with the above: 


Description Prerequisite 

ZDS-1 Series Development Systems Z8000 Software Development Package 

PDS 8000 Series Development Z8000 Software Development Package 
Systems 
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Z8000”™ 
Cross-Software 
Package Version II 


I 


Product 


. a 
Zilog Brief 
June 1982 
Features @ Runs on the UNIX* Operating System. This @ Provides C run-time support environment 
enables multi-user access for more efficient for the Z8000 Development Module. This 
software development and provides tools to keeps product development on schedule by 
aid documentation production. reducing dependency on prototype 
@ Includes C, a high-level, machine- hardware. 
independent, systems implementation ™ C compiler produces Z8000 cross-assembler 
language, that generates efficient Z8000 source code. Assembly language listing of 
code. C improves programmer productivity, C programs simplifies debugging 1n any 
shortens product time-to-market, and pro- target environment. 
tects software investment. 
Description In today’s complex microprocessor-based result 1s a higher quality product delivered on 
products, software development costs typically schedule. 
exceed those of hardware development. The The Z8000 Cross-Software Package (CSP) 1s 
Z8000 Cross-Sottware Package, running on the a complete set of software tools for developing 
UNIX operating system, reduces software Z8000 programs. The package works on Digital 
development costs by improving programmer Equipment Corporation’s PDP-11/44, 11/45, 
productivity and enabling software to be and 11/70 systems with the Seventh Edition of 
developed before prototype hardware is ready. the UNIX operating system. Programmers and 
This allows time tor thorough product testing related support personnel at a UNIX installa- 
while still meeting development schedules. The tion can easily transfer their knowledge of the 
y DR We Pp ‘i ure R 
ee ae CRT 
aT ZSCAN 8000 
Gea==—Q) 
— 
CRT ee = CRT 
> ZSCAN 8000 
a _ 
if UNDE NE < a 
28000 Z8000 CSP er 
DEVELOPMENT DEVELOPMENT 
MODULE MODULE 
CRT | | CRT 
jim 
Typical Z8000 Cross-Software Package Installation 
1006 002 “UNIX 1s a trademark of Bell Laboratories 
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UNIX environment to the Z8000 development 
project. The result is that programmers 
become productive more guickly. And, there 
is a greater likelihood of the project finishing 
on schedule. 

The C language, like other high-level, 
machine-independent, systems implementation 
languages, improves programmer productivity 
and protects the software investment made in a 
product by assuring program transportability. 
In addition, C produces Z8000 code which 1s 
efficient both in terms of execution time and 
memory space used. The result 1s a lower cost, 
higher performance product. 

The development environment supported by 
the Z8000 CSP allows for multiple user soft- 
ware development on various Z8000 target 
systems (see figure below). The pass-through 
mode of the Z8000 Development Module 
enables any terminal connected to the host 
system to be a hardware and software evalua- 
tion station. In this mode, the terminal and the 
host system communicate directly as if the 
Z8000 Development Module were not present. 
Thus, each terminal on a host system can text 
edit and compile programs and then download 
them into a development module for testing. 

The pass-through mode of the development 
module offers a more effective means of 
debugging than software emulation because 
programs can be debugged in real-time on ac- 
tual hardware, without requiring any host 
system resources. Zilog emulation products, 
such as Z-SCAN 8000 and EMS 8000, will con- 
tinue to use the pass-through mode to com- 
municate to the host system. Thus, a single host 
system with Zilog’s development modules, 
emulation products, and the Z8000 CSP can 
support total product development. 


Description 
(Continued) 


Product Description. The major pieces of soft- 
ware in the Z8000 CSP are the C compiler, C 


optimizer, Z8000 cross-assembler, Z8000 cross- 
linker, upload/download program for the Z8000 
Development Module, and C run-time support 
environment for the Z8000 Development 
Module. 

The Z8000 C compiler 1s the portable PDP-11 
C compiler from the Seventh Edition of the 
UNIX system modified to generate Z8000 code. 
This means that existing PDP-11 C programs 
can be compiled by the Z8000 C compiler and, 
if the programs are machine-independent, they 
will run on a Z8000 target system. The C com- 
piler generates both segmented and non- 
segmented code. 

The C optimizer speed optimizes the code 
produced by the compiler and outputs Z8000 
cross-assembler source code. This process 
yields an assembly language listing of the 
optimized code. 

The Z8000 cross-assembler accepts Zilog’s 
standard mnemonics and uses the pseudo- 
operations familiar to UNIX assembly language 
programmers. It supports programs with com- 
bined or separate code and data spaces. The 
Z8000 cross-linker links cross-assembler and C 
program modules together. 

The upload/download program transfers pro- 
grams and data between the Z8000 target 
system and the UNIX host using Tektronix hex 
format. The C run-time support environment 
provides the necessary facilities to run 
sophisticated C programs on the Z8000 
Development Module. Because 1t includes 
routines for terminal and UNIX file access, 
significant software development can take 
place using C and the Z8000 Development 
Module. 

The Z8000 Cross-Software Package combines 
with the UNIX operating system to provide a 
complete development environment for Z8000 
software. 


Prerequisites 


@ License for the Seventh Edition of the UNIX 
operating system. 


Ordering 
Information 


@ One of the following computers from Digital 
Equipment Corporation: 
PDP 11/44 


PDP 11/45 
POP L120 


License Requirement 


m A special license is required for Z8000 
Cross-Software Package 


ee... oe, 
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28000” Software 


Development Package 


Uf 


Zilog 


Product 
Description 


June 1982 


@ Structured assembly language 
with high-level constructs. 


@ Relocatable and absolute object 
code format. 


@ Free format statements allow 
indentation and spacing for 
readability. 


@ External symbol references. 


@ Global symbol definitions. 


OVERVIEW 

The Z8000 Software Development 
Package consists of five utility pro- 
grams which aid and simplify the 
development of Z8000 programs. 
PLZ/ASM trom Zilog’s PLZ family bring 
all the advantages of modular program- 
ming to the Z8000 software developer 
and ensure transportability to future 
processors. The Z8000 LINKER, IM- 
AGER, LOAD/SEND and ZPROG 
simplify the testing and production 
stages of new software. Each program 
facilitates a single step towards com- 
pleting a segmented or nonsegmented 
program; together they guarantee a 
smooth, logical, and manageable soft- 
ware development process. 


FEATURES 
Assembler. The Z8000 PLZ/ASM 


Assembler assembles easy-to-read, 
free-format PLZ/ASM source programs 
directly to machine code. PLZ/ASM 
allows an efficient mix of powerful 
assembly language mnemonics with 
high-level control structures, such as 
IF...THEN...ELSE... Fl and 
DO... OD loops. The PLZ/ASM pro- 
grammer may map instructions and 
information into the Z8000’s program 
and data memory space, and organize 
the data space with such data declara- 
tions as RECORDS and ARRAYS. The 
PLZ/ASM Assembler supports both 
segmented and nonsegmented pro- 
grams and is fully supported by the 
RIOT operating system. 


ZLINK. ZLINK links assembled modules 
into a single relocatable module and 
resolves any external references among 
separately assembled modules. It can 
also reorder and combine named sec- 
tions found 1n the input assembly 
language modules. ZLINK accepts a 


symbolic specification of the program 
entry point in the command line and, 
on request, produces a detailed link 
map which gives the locations of global 
references and relocated modules and 
sections. Errors in the linking process 
are reported in the optional lnk map 
and at the system console. 


Imager. The IMAGER accepts mullti- 
ple linked object files from ZLINK and 
translates them into absolute code. IM- 
AGER can then either store the ab- 
solute code in a disk file or leave it in 
system memory. IMAGER supports 
segmented and non-segmenting code. 
Named sections found 1n the input ob- 
ject modules may be reordered and 
loaded anywhere 1n system memory. 


Program Transfer. LOAD/SEND 
downloads an absolute program file 
into the Z8000 Development Module for 
debugging, then sends it back to the 
disk for back-up and storage. 


Prom Programming. Z-PROG stores 
the perfected load module in PROM. 


ORDERING INFORMATION 


Prerequisites: Part No. Description Part No. Description 

PDS 8000 Series 07-3306-01 28000 Software Develop-  07-3309-01 28000 Software Develop- 

ZDS 1/40 ment Package ment System 

MCZ-1 Series Object Cartridge Disk Object Diskette for Use 

RIO for Use with PDS with PDS 8000/5 
PartNo. Description eee 07-3310-01  Z8000 Software Develop- 
07-0085-01 Z8000 Software Develop- 07-3306-02 28000 Software Develop- ment System 

ment Package ment Package Object Diskette for Use 

Object Cartridge Disk Object Diskette for Hard with ZDS-1 Series 

for Use with PDS Disk Systems with 

8000/20A Optional Floppy Drives 
00 1044 A 
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PLZ/SYS 


Product 


7 a 
Zilog Brief 
June 1982 
Features @ High-level procedure-oriented language @ Simplifies software production and 
permits efficient writing of machine- maintenance. 
independent modules and programs. m@ Allows direct or interpretive execution of 
@ Structured format for fast and easy-to- program modules. 
compile programs. ™ Supports both segmented and nonsegmented 
@ Produces efficient code for economical Z8000 processors. 
memory usage and processing time. 
Description Z8000 PLZ is a family of different program- responding Z8000 machine code as a relocat- 


ming languages designed to satisfy a wide 
range of microcomputer software development 
requirements. The two members of the PLZ 
family, PLZ/SYS and PLZ/ASM, produce object 
code-compatible modules and share common 
control structures and data definition facilities. 
Thus, selective portions of programs can be 
written in the most appropriate language for 
the specific application and still maintain a 
consistent structure between modules. 

PLZ/SYS is a high-level, procedure-oriented 
language that is syntactically similar to Pascal. 
It provides a medium for writing structured, 
machine-independent programs with a 
minimum of programming effort. 

PLZ/ASM, on the other hand, is a structured 
assembly language that permits access to the 
low-level capabilities of the processor by mix- 
ing assembly language and high-level control 
structures. 


Compiler. The Z8000 PLZ/SYS Compiler 
translates source code modules into an 
intermediate stage called Z-code. The Z-code 
modules can then be executed interpretively or 
processed by the code generator to produce a 
machine-code object module. 

The compiler provides support for both the 
segmented and non-segmented Z8000 pro- 
cessors. 


Code Generator. The Z8000 PLZCG Code 
Generator accepts a file of intermediate Z-code 
generated by PLZ/SYS and produces the cor- 


able object module. This file can be linked 
with other modules to form a complete 
executable load module. 


Interpreter. The intermediate Z-code modules 
produced by the Z8000 PLZ/SYS Compiler can 
be executed interpretively by ZINTERP. Link- 
ing ZINTERP with the other modules generated 
by the compiler produces an executable load 
module. 


Linker. The Linker, ZLINK, links Z-code, 
ZINTERP and/or machine code modules into a 
single relocatable load module, allowing the 
user to control the overall size and speed of 
the program. 

Although interpretive Z-code runs more 
slowly than machine code, the space savings 
over machine code 1s usually substantial for 
larger programs where the 3K bytes of 
ZINTERP is a small percentage of the entire 
program. By balancing the number of Z-code 
and machine code modules, the user can max- 
imize the efficiency of a particular program. 

ZLINK resolves any external references 
between separately assembled modules, so that 
the load module produced is relocatable. It 
also allows the reordering and combining of 
named sections between modules and supports 
incremental linking. 


Operating Environment. Z8000 PLZ/SYS is 
supported on all Zilog development systems 
that have at least 64K bytes of memory. 
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ZRTS"8000 
Zilog Real-Time Software 
for the Z8000 Microprocessor 


Product 


Description 


Preliminary 


June 1982 


@ Real-time Multi-tasking Software 
Components 


@ Synchronization of multiple tasks 


@ Interrupt-driven priority schedul- 
ing 


@ Real-time response 

@ Dynamic memory allocation 
@ Modular and Flexible Design 

@ Efficient memory utilization 

@ 4K byte PROMable kernel 


@ Support for Z8001 and Z8002 
16-bit microprocessors 


@ Configurable via linkable 
modules 


@ Versatile Base for Z8000™ System 
Designs 


@ Segmented/non-segmented tasks 
@ System/normal mode tasks 


@ Uses standard Zilog calling con- 
ventions 


m@ Easy-To-Use System Generator 


@ High-level configuration 
language 


@ Supports a wide variety of hard- 
ware configurations 


@® Easily changed control 
parameters allow system 
optimization 


@ Eliminates the requirement for 
intimate knowledge of system in- 
ternal structure 


OVERVIEW 
Zilog’s Real Time Software (ZRTS) 


provides of a set of modular software 
components that allows quick and easy 
implementation of customized 
operating systems for all members of 


the Z8000 16-bit microprocessor family. 


In effect, ZRTS extends the instruction 
set of the Z8000, adding easy-to-use 
commands that give the Z8000 the 
capability for managing real-time, 
multi-tasking applications. 


The ZRTS package consists of a 
small real-time, multi-tasking executive 
program, the Kernel, and a System 
Configurator. The Kernel provides 
sychronization and control of multiple 
events occurring in a real-time en- 
vironment. All major real-time func- 
tions are available—task synchroniza- 
tion, interrupt-driven priority schedul- 
ing, intertask communication, real-time 
response, and dynamic memory alloca- 
tion. The System Configurator is a 
language processor that allows the 
target operating system to be defined 
in high-level terms using the ZRTS 
Configuration Language (ZCL). 


These functions greatly simplify the 
tasks of the designer, allowing 
development efforts to be concentrated 
on the application, instead of on real- 
time coordination, task management 
problems, and complicated system 
generations. ZRTS provides a modular 
and flexible development tool that 
serves as a versatile base for Z8000 
system designs. The Kernel requires 
only 4K bytes of either PROM or RAM 
memory, thus allowing configurations 
for a wide variety of target systems, 
while producing a memory-efficient, 
cost-effective end product. 
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FUNCTIONAL DESCRIPTION 


The Concepts. ZRTS is both easy-to- 
learn and easy-to-use. Only a few sim- 
ple concepts need to be understood 
before designing begins. 


Tasks. Tasks are the components com- 
prising a real-time application. Each 
task is an independent program that 
shares the processor with the other 
tasks in the system. Tasks provide a 
mechanism that allows a complicated 
application to be subdivided into 
several independent, understandable, 
and manageable units. 


Semaphores. Semaphores provide a 
low overhead facility for allowing one 
task to signal another. Semaphores can 
be used for indicating the availability 
of a shared resource, timing pulses or 
event notification. 


Exchanges and Messages. Exchanges 
and Messages provide the mechanism 
for one task to send data to another. A 
Message is a buffer of data, while an 
Exchange serves as a mailbox at which 
tasks can wait for Messages and to 
which Messages are sent and held. 


The ZRTS Kernel. The Kernel 1s the 
basic building block of ZRTS and per- 
forms the management functions for 
tasks, semaphores, the real-time clock, 
memory and interrupts. The Kernel 
also provides for task-to-task com- 
munications via Exchanges and 
Messages. All requests for Kernel 
operations are made via system call 
instructions with parameters in 
registers, according to the standard 
Zilog calling conventions. 


Task Management. One of the main 
activities of the Kernel is to arbitrate 
the competition that results when 
several tasks each want to use the pro- 
cessor. Each task has a unique task 
descriptor that is managed by the 
Kernel. The data contained 1n the 
descriptor include the task name, 
priority, state and other pertinent 
status information. ZRTS supports any 
number of tasks, limited only by the 
memory available to accommodate the 
task descriptors and stacks. 

The Kernel maintains a queue of all 
active tasks on the system. Each task 1s 
scheduled for processor time based on 
its priority. The highest-priority task 
that’s ready to run gains control of the 
CPU; other tasks are queued. Tasks 
can be prioritized up to 32767 levels, 
with round-robin scheduling among 
tasks with the same priority. 

Tasks can run either segmented or 
non-segmented code, in either normal 
or system mode. The numerous opera- 
tions that may be performed on tasks 
are listed in Table J. 


TABLE 1. 


TASK MANAGEMENT 


T__Census 


T__Create 
T__Destroy 
T__Lock 


T__Reschedule 
T__Resume 
T__Suspend 
T__Unlock 


T_ Wait 


SEMAPHORE MANAGEMENT 


Sem__Clear 


Sem__Create 


Sem__ Destroy 
Sem__Signal 


Sem__Test 


Ssem__ Wait 


CLOCK MANAGEMENT 
Clk__Delay__Absolute 


Clk__Delay__ Interval 


Clk__Set 
Clk__Time 
MEMORY MANAGEMENT 


Mem__Census 


Alloc 

Release 

INTER-TASK COMMUNICATION 
M__Acquire 


M__Assign 


M__Create 
M__Destroy 


M__Get__Descriptor 
M__Read 
M__Receive 
M__Receive__Wait 


M__Release 
M__Reply 


M__Send 
M__Write 
X__Create 


X__Destroy 


Provides the status of tasks in the 
system 


Creates a task dynamically 
Removes a dynamically created task 


Allows a task to take exclusive control 
of the CPU 


Changes the priority of a task 
Activates a suspended task 
Suspends another task. 


Releases exclusive control of the CPU 
for other tasks. 


Suspends task execution 


Clears semaphore queue and 
reinitializes a semaphore 


Creates a semaphore dynamically. 


Removes a dynamically created 
semaphore. 


Signals a semaphore, increments the 
counter. 


Tests a semaphore for a signal. 


Causes a task to wait until a semaphore 
is signaled, decrements the counter 


Places a task on the clock queue 
waiting for absolute time 


Places a task on the clock queue 
waiting for passage of an interval of 
time. 


Sets the real-time clock 
Reads the clock 


Provides status of the memory 
resource. 


Dynamically allocates memory. 


Releases allocated memory 


Gets a message from an exchange pool 
and assigns a destination or a reply 
exchange to it. 


Assigns a new source and destination 
to an existing message. 


Creates a message dynamically 


Removes a dynamically created 
message 


Gets message’s descriptor information 
Reads the message data. 
Receives a message from an exchange. 


Waits to receive a message from an 
exchange. 


Returns a message to the exchange 
pool. 


Sends a message back to destination 
exchange 


Sends a message to an exchange. 
Changes message data. 


Dynamically creates an exchange with 
a pool of messages. 


Removes a dynamically created 
exchange. 


Semaphore Management. The Kernel 
provides semaphore management for 
synchronizing interacting tasks. A 
typical use of semaphores 18 to provide 
mutual exclusion of a shared resource. 
When a resource 1s to be used by only 
one task at a time, a semaphore with a 
counter of 1 controls the resource. 
Every task requiring the resource must 
first wait on that semaphore. Since the 
counter is 1, only one task will acquire 
the resource. The others will be 
queued on the semaphore and 
suspended until the semaphore is 
signaled that the resource is once 
again available. At that time, the first 
task on the semaphore queue will be 
made ready to run and can use the 
resource. After all tasks have acquired 
the resource and signaled the comple- 
tion of their use, the semaphore returns 
to its original state with a counter of 1. 
Counters greater than one are useful 
when there are a number of similar 
resources, (i.e., three tape drives, four 
V/O buffers, etc.). 

In ZRTS, a semaphore can count up 
to 32676 signals. The commands pro- 
vided by the Kernel to manage 
semaphores are listed in Table I. 


Clock Management. ZRTS operates 
with a real-time clock that generates 
interrupts at a hardware-dependent 
rate. It is used for timed waits, 
timeouts, and round-robin scheduling. 
All times are given in number of ticks. 
The clock may be manipulated by the 
set of commands provided by the 
Kernel that are listed in Table I. 


Memory Management. Storage for 
ZRTS data structures is allocated either 
statically at system generation time, or 
dynamically at run time. Dynamic 
allocation occurs via a system call that 
specifies the attributes of the structure 
to be created and returns a name that 
can be used to refer to the structure. 
Memory 1s allocated in 256-byte 
increments, and can be released using 
a system call. 

The storage allocator can also be 
called directly to obtain blocks of 
memory up to 64K bytes long, which 
can be used by the task for any pur- 
pose. 


Interrupt Management. Interrupt- 
handling routines are provided for 
system calls, non-vectored interrupts 
and a hardware clock. The user must 
provide interrupt routines for whatever 
other vectored interrupts are included 
in the target system. 

ZRTS can switch control to a task 
waiting for an external event within 
500-microseconds after the occurrence 
of the event. This is based on the worst 
case with a 4MHz Z8000. A more typi- 
cal response time would be 


TABLE 2. 


CONSTANTS 
EXCHANGES 


FILES 


HARDWARE 


INITIALIZATION 


INTERRUPT 


MEMORY 


SECTIONS 


SEMAPHORES 
SWITCHES 


TASKS 


250-microseconds. Quicker service of 
interrupts 1s possible through the use 
of user-written routines. 


Inter-task Communication. The 
Kernel provides the capability for tasks 
to exchange information. This com- 
munication process occurs when one 
task sends a Message to an Exchange 
and another task receives the Message. 
A Message contains a length 1ndi- 
cator, a buffer with a variable amount 
of data, and a code that identifies the 
Message type. The Exchange 1s a 
system data structure that consists of a 
queue for Messages sent but not yet 
received, a semaphore on which a task 
can wait for a Message, and an 
optional “pool” list from which 


SYSTEM 


CONFIGURATION 


Specifies system constants. 


Defines the characteristics of applica- 
tion exchanges. 


Indicates additional files to be included 
in the configuration link. 


Describes the target hardware con- 
figuration—Z8001, Z8002, or Develop- 
ment Module. 


Specifies routines that are to execute 
prior to beginning execution of the first 
task. 


Associates an interrupt routine with an 
interrupt vector or trap and system 
call-handlers. Provides the facilities to 
specify a NVI interrupt-handler that 
will be called from the system NVI- 
handler routine. 


Specifies the memory configuration 
and identifies where sections are to be 


placed (1.e.,CODE,DATA.,...). 


Allows modules to be placed in a 
specific section, overriding the stan- 
dard assignment conventions. 


Defines the characteristics of applica- 
tion semaphores. 


Allows flags that control the system 
generation operation to be set. 


Defines the characteristics of applica- 
tion tasks. 


Messages can be obtained quickly. 
ZRTS provides several commands for 


inter-task communications. These are 
listed in Table 1. 


ZRTS Configuration Language (ZCL). 
Since ZRTS’s modular design leads to 
so many different configurations, a 
simple facility for generating the target 
operating system is a critical part of 
the ZRTS package. The ZRTS Con- 
figuration Language (ZCL) provides an 
easy-to-use means for generating the 
target system. Using ZCL, the designer 
can specify hardware information, soft- 
ware parameters, linkage information, 
and system data structures in high- 
level terms. 


28000 
USER DEVELOPMENT 


APPLICATION . MODULE 
NR iy, 

sy 

yy 


y 
oy 
0 


TARGET 
SYSTEM 


Development Environment 
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ZCL unburdens the user of the 
necessity to learn the details of the 
ZRTS internal structures. System data 
structures can be generated simply by 
specifying the appropriate parameters. 
The ZCL syntax is free-format with 
comments allowed to make the con- 
figuration commands more readable 
and maintainable. 

ZCL input is comprised of a number 
of descriptive sections, each containing 
the details of the target operating 


SWITCHES : 
APPLICATION 
HARDWARE: 
28002 
INTERRUPTS: 
CONSTANTS : 
MINIMUM SYSTEM STACK SIZE = 512; 
FILES: 


REAL_TIME CLOCK; 


system. The functions of these sections 


are described in Table 2. A sample MEMORY : 
system generation using ZCL is 11- COUE is is0nG: aSGEEED 
lustrated in Figure 1. FREE MEMORY = [8F000..8FFFF]; 


Development Environment. Applica- SECTIONS: 

tion modules for ZRTS can be INITIALIZATION: 
developed on any Zilog Z80 or neekee 
Z8000-based development system and 
then down-loaded into a Zilog Develop- 
ment Module or a customized target 
system. 

Subroutine libraries are provided for 
making ZRTS systems calls from pro- 
grams written in PLZ/SYS, PLZ/ASM 
and C. Register usage 1n the system 
calls is compatible with the Zilog 
standard. 

When using a Development Module, 
the Debugger can be used with the 
ZRTS modules for testing purposes. 
After the application is debugged, the 
system can be easily reconfigured for 
the final target hardware. 


INPUT HANDLER, priority 
TIME DISPLAY, Priority 
EGG TIMER, priority 
ALARM, priority 
ONE_SECOND GENERATOR, priority 


[entry 
[entry 
[entry 
[entry 
[entry 


input_handler_ task 
tim display task 
egg timer task 
alarm task 
one_second_task 


SEMAPHORES : 


ONE_SECOND_SEMAPHORE; 
TIME DISPLAY _ENABLE_SEMAPHORE; 


EXCHANGES: 


INPUT HANDLER ETE EXCHANGE = [number of messages 
= eet message size 
[number of messages 
[number of messages 
message size 
ALARM EXCHANGE = [number of messages 


EGG TIMER ENABLE_EXCHANGE 
INPUT_HANDLER_A_EXCHANGE 


for ot wt ob on 


Figure 1. ZCL Sample Input. 


ORDERING INFORMATION 
Description 


ZRTS/8001 Zilog Real Time Software for the Z8001 
ZRTS/8002 Zilog Real Time Software for the Z8002 


Prerequisites 


Zilog Development System 
MCZ/1, PDS, ZDS Series or System 8000 (Requires Software License) 
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PDS 8000” 
Development Systems 


Product 


Fs a 
Zilog Brief 
June 1982 
Features @ Supports entire family of Zilog m Extends system capability with an intelligent 


microprocessors—Z8, Z80, and Z8000. 


M@ Speeds program development with high- 
level, structured assembler. 


CRT console. 


@ Optional screen-oriented text editor. 


Description 


System Hardware. The PDS 8000 Series con- 
sists of several models of single-user systems 
for the design, development, and debugging of 
Zilog microprocessor-based systems. The PDS 
8000 is a Z80-based microcomputer system with 
64K bytes of RAM, a disk controller, parallel 
printer interface, and an intelligent CRT 
console. Dual, floppy-disk drive with 600K 
bytes of hard-sectored storage capacity is stan- 
dard with the PDS 8000. 

The floppy disk drive is interfaced to the 
microcomputer via the Z80 Memory Disk Con- 
troller (MDC), which provides the Z80 
microcomputer with all the data formatting 
required for reading and writing onto the flop- 
py disks from RAM storage. Disk read/write 
accuracy 1s ensured by 16-bit CRC-code cir- 
cuitry. The MDC also provides 48K bytes of 
dynamic RAM memory for programs or data 
storage. 


System Software. The PDS 8000 System pro- 
vides all the necessary software to handle 
software development tasks, from inputting 
source code to printing listings and creating 


EPROM's. 


RIO Operating System. The PDS 8000 utilizes 
Zilog’s field-proven RIO Operating System for 
the creation, editing, assembly, and debug- 
ging of software. RIO, with relocatable 
modules and I/O management, is a general- 
purpose computing system with architecture 
designed to facilitate the development process. 
RIO provides straightforward linking to various 
system routines and enables expansion of 
system features to meet the particular needs of 
individual user. RIO is composed of the follow- 
ing elements which aid in the development 
process: 


Operating System Executive. The RIO Execu- 
tive maps requests of operations on logical 
units to specific device-handling programs. 
Commands may be issued to the operating 
system from the system console or by an 
executing program. Any number of user- 
defined commands may be added to the 
system. Command sequences may be recorded 
in files and executed as a group. The Execu- 
tive manages the allocation of memory blocks. 
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Description 
(Continued) 


Relocating Macro Assembler. The Relocating 
Z80 Macro Assembler offers relocatable or 
absolute object code format with external sym- 
bol references and global symbol definitions, 
macros and conditional assembly. The 
Assembler pages the symbol table, permitting 
assembly of arbitrarily large programs in stan- 
dard memory. It also includes a directive per- 
mitting additional files to be merged with the 
source at assembly time. 


Linker. The Linker assigns absolute addresses 
to program modules, resolves external 
references, permits overlays, and produces a 
load memory map with a global address table. 


Text Editor. A line-oriented text editor pages 
work space so that files of any size can be 
edited and also provides automatic file backup 
and access to other disk files during editing. 
String matching allows for locating and modi- 
fying lines within a file. Also available is an 
optional multi-window, screen-oriented text 
editor. 


PROM Monitor. The PROM Monitor bootstrap 
loads for easy system entry, supports a full 
machine-language debug package, and 
includes low-level device handlers for system 
console and disk. 


Processor-Oriented Support. To enhance the 
development capability of the PDS 8000 Series 


CRT 
CONSOLE 


SERIAL 
V0 


Z80 MCB 


PARALLEL 
fe 


tay 


of systems, Zilog also provides specific soft- 
ware packages and development tools to aid 
the microprocessor system designer. To sup- 
port the Z8 MCU, an assembler and develop- 
ment module are available. 


Z8000 Support. For Z8000-based system 
designs, the Z8000 Software Development 
Package (SDP) provides the necessary tools to 
aid in software development. Utilizing PLZ, 
Zilog’s high-level language, the Z8000 SDP 
includes a Cross Assembler, Linker, and 
PROM programming utility. 

For a tried and tested environment to run 
Z8000 code, the Z8000 Development Module 1s 
available. Providing support for either the 
Z8001 or Z8002, the Development Module is a 
single-board computer with RAM, I/O and 
monitor/debug firmware. The Z8000 
Development Module is a convenient tool to 
evaluate Z8000 CPU performance, as well as a 
first-level software debug tool for use early in 
the design process. 

For real-time emulation of either the Z8001 
or Z8002, the Z-SCAN 8000 Emulator is 
available. Operable both stand-alone and with 
a host system, Z-SCAN 8000 makes possible 
software and hardware integration with real- 
time breakpoint, monitor/debug software, map- 
pable memory, and an interactive user 
interface. 


| FLOPPY DISK 
STORAGE _| 


Z80MDC 


DATA 
CONVERTER 


DYNAMIC 
MEMORY 


SYSTEM BUS 


it) 


OPTIONS: 


@ SERIAL 0 EXPANSION 
@ PARALLEL 1/0 EXPANSION 


@ PROM/EPROM 
PROGRAMMERS 


Figure 1. PDS 8000 Development System 


612 


1020 001 


ORDERING INFORMATION 
Floppy Disk-Based 


Part No. 
05-6102-01 


06-6102-02 


Description 


PDS 8000/05 Develop- 
ment System (60 Hz). In- 
cludes Z80 Microcom- 
puter, 64K bytes 
dynamic RAM, 3K 
monitor, printer inter- 
face, editing-type video 
terminal w/line-drawing 
capability, dual floppy 
disk and RIO Operating 
System. (115 VAC) 

PDS 8000/05 Develop- 
ment System (50 Hz). 
Same as 05-6102-01 ex- 
cept 230 VAC. 


Floppy Disk-Based (Continued) 


Part No. 
05-6102-04 


05-6102-03 


Description 


PDS 8000/05-1 Develop- 
ment System (60 Hz). In- 
cludes Z80 Microcom- 
puter, 64K bytes 
dynamic RAM, 3K 
monitor, printer inter- 
face, serial interface, 
dual floppy disk and 
RIO Operating System. 
(115 VAC) 

PDS 8000/05-1 Develop- 
ment System (50 Hz). 
Same as 05-6102-04 ex- 
cept 230 VAC. 


Floppy Disk-Based (Continued) 


Part No. 
05-6104-01 


05-6104-02 


07-3001-01 


Description 


PDS 8000/15 Develop- 
ment System (60 Hz). In- 
cludes Z80 Microcom- 
puter, 64K bytes 
dynamic RAM, 3K 
monitor, printer inter- 
face, editing-type video 
terninal w/line-drawing 
capability, dual floppy 
disk, Z8000 Development 
Module, Z8000 SDP Sotft- 
ware Development 
Package, and RIO 
Operating System. 

(115 VAC) 

PDS 8000/15 Develop- 
ment System (50 Hz). 
Same as 05-6104-01 ex- 
cept 230 VAC. 

PDS 8000/RIO 


0008 Sdd 


ZDS-1/40 
Development System 


Y, Product 


Zilog Description 


June 1982 


@ Full Development Support for the 
Z80° and Z80A Microprocessors 


M™@ 64K Bytes of Memory to Support 


@ In-Circuit Emulation up to 4 MHz 


™ Memory Mapping Allows Borrow- @ ZAP Package Provides Interactive, 
Large Programs ing of System Memory Before Pro- Symbolic Debugging With 
™@ 600K Bytes Floppy Disk Storage totype Memory Is Built Disassembly 
OVERVIEW 
The ZDS-1/40 Development System assist in every phase of software prototype, and minimize the problems 
provides total development support for development. encountered in integrating software 
Z80 and Z80A CPU-based system Included with the powerful with hardware. Interactive debug soft- 
designs. This support begins with a microcomputer is an in-circuit emula- ware—the ZAP package, provided with 
complete Z80-based microcomputer tion subsystem which connects to the the emulation system—allows debug- 
system that includes 64K bytes of RAM, user’s prototype to monitor the execu- ging of the prototype, full disassembly 
dual single-sided, single density floppy tion of the software, control the of memory data and trace information, 
disk drives and system software to behavior of the microprocessor in the the use of symbolic references, and the 
capability of placing all debug com- 
mands on disk for execution. 
FUNCTIONAL DESCRIPTION 
The ZDS-1/40 Development System in Software Development. The software dynamic RAM, a floppy disk controller, 
effect consists of two functional parts: a development host is a Z80-based serial RS-232C console interface, and 
software development host and an in- general-purpose microcomputer with two single-sided, single density floppy 
circuit emulation subsystem. 3K bytes of EPROM, 64K bytes of disk drives. 
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Included with the microcomputer 
system is Zilog’s RIO™ Operating 
System and System Utilities. This set of 
tools provides the user with the full 
capability of carrying out the various 
development tasks from the inputting 
and assembly of source code to the 
printing of listings and the creation of 
EPROMs. The RIO operating system is 
designed to provide the user with the 
capability of tailoring commands and 
initialization routines to suit the needs 
of the specific application. The main 
features of RIO include a PROM-based 
monitor, OS executive, ZDOS II file 
manager, text editor, Z80 relocating 
macro assembler and linker. 


PROM-Based Monitor. 3K bytes of 
nonvolatile storage provide system 
primitives for communication with 
floppy disk and console devices, and 
contain the bootstrap routine for the 
system. 


OS Executive. The executive is the 
focus of system activity and thus 
handles I/O requests, dynamically 
allocates system storage areas to active 
programs on an “as needed” basis and 
invokes programs in response to 
operator commands. 


ZDOS II File Manager. The file 
manager organizes, stores and 
retrieves data from the floppy disk 
units. A directory provides an index for 
the data, which is accessed using a 
“hierarchical linked list.” All space on 
the disk is dynamically allocated on an 
“as needed” basis to prevent gaps in 
the storage space. Logical record 
lengths from 128 to 4096 bytes per 
record may be used. Also, all files may 
be assigned one or more attributes for 
protection and privacy. 


Text Editor. A line-oriented text editor 
can handle files or programs larger 
than the available memory space. All 
operations within a file are based on 
character string matching to allow 
quick and easy search and modification 
of text. The capability to access other 
files during an edit session saves the 
repetitive entry of commonly used 
routines and enables the user to build 
libraries of commonly used code. Auto- 
matic backup of an existing file 
prevents accidental destruction of 
valuable data. 


280 Relocating Macro Assembler. The 
relocating macro assembler provides a 
quick way to create Z80 code in a 
modular fashion. Its design supports 
absolute or relocatable object code for- 
mats, global definitions, external 
references, macros and conditional 
assembly. Optionally, a cross-reference 
and/or symbol table is limited only by 


available storage on the disk. All 
diagnostic messages are routed to the 
system console with pertinent line 
number, error and the statement itself 
so that there is no waiting for a listing 
to locate erroneous statements. 


Z80 Linker. The Z80 Linker provides a 
means to link various program modules 
together and resolve communication 
between global modules, described by 
external references. The result is the 
generation of a single, executable pro- 
gram with absolute addresses. The use 
of the linker allows individual modules 
to be built and debugged, then merged 
with others without performing a com- 
plete assembly. 


System Utilities. All of the software 
used to drive or control the various 
accessory boards available 1s included 
with the system. There is no need to 
write software to communicate with 
printers or PROM programmers 
because it is already completed. The 
source code for the utilities 1s included 
so that the user can supplement or 
custom-tailor the software. 
In-Circuit Emulation. The in-circuit 
emulation subsystem enables the soft- 
ware developed on the microcomputer 
to be debugged before the hardware 
prototype is completed and even while 
the prototype is nonexistent. Resource- 
lending capabilities enable the software 
to be tested in the prototype hardware 
before it is completed. After the hard- 
ware is complete, the emulation sub- 
system allows total integration and 
testing to occur in a real-time environ- 
ment. The subsystem consists of a trig- 
ger or breakpoint module, a monitor 
module, a user pod controller, a user 
pod, and a Z80A emulator CPU. 
Hardware trigger capability enables 
searching for a specific condition while 
the software is executing in real time, 
and executing breaks when detected. 
The detection can also be used to gen- 
erate a sync pulse to trigger other 
instruments, such as oscilloscopes or 
logic analyzers used in the debug 
process. 


Monitoring Functions. The emulation 
subsystem provides a means of 
monitoring the interaction of the 
microprocessor with the target design. 
A special high-speed trace memory 
records the microprocessor’s bus activ- 
ity, while running the software in real 
time. The contents of the memory may 
then be dumped on the console after 
emulation has been halted for subse- 
quent debug. The output of the trace 
memory can be displayed in three 
available formats. The user may qualify 
the inputs to the trace memory to select 
the specific type of bus cycle to be 
recorded, such as a memory write or 
an I/O operation. 


Resource Sharing Functions. The 
ZDS-1/40 system allows the user to bor- 
row memory resources so that testing 
can begin even before the hardware is 
complete. 

The system provides a memory map- 
ping mechanism, whereby the user can 
describe the addressable memory 
space of the microprocessor. This 
memory space is divided into blocks, 
each containing 1024 bytes of con- 
tiguous memory addresses. These 
blocks may be described to exist in the 
user’s prototype, in the development 
system memory, or not to exist at all. 
All commands executed to examine or 
modify memory are qualified by the 
mapping mechanism. 

The mapping mechanism also allows 
hardware write protection of any block. 
Any attempted write to a write- 
protected block will be reported as a 
write violation and will terminate pro- 
gram execution without causing over- 
writes to the block. The nonexistent 
memory feature enables the user to 
declare blocks of memory nonexistent. 
Any attempt to access these blocks will 
immediately terminate program execu- 
tion with a nonexistent memory viola- 
tlon message. 

Emulation occurs by removing the 
Z80 or Z80A microprocessor from the 
prototype and replacing it with the 
Z80A Emulator CPU of the develop- 
ment system. This emulator is con- 
nected to and controlled by the emula- 
tion subsystem. Monitoring and 
resource lending capabilities provided 
by the emulation subsystem also 
simplify the development process. 


Emulation Functions. The emulation 
subsystem provides several functions 
extremely useful to software and hard- 
ware designers: 1) control of the micro- 
processor in the hardware prototype; 2) 
the ability to monitor the bus signals of 
the microprocessor and record them; 
and 3) the ability to lend development 
system resources to the user’s hardware 
prototype. 


Control Function. The cable connec- 
tion between the user's prototype and 
the development system allows start/ 
stop control of the Z80A CPU Emulator. 
This feature enables the user to execute 
the software in a normal run mode, 
single-step the software, or execute 
multiple instructions. When the 
emulator is idling or not running the 
user’s software, 1t generates the 
necessary refresh timing signals to 
keep dynamic memory in the prototype 
alive. Control of the microprocessor 
also allows the user to examine or 
modify CPU registers, memory or I/O 
devices. 
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SPECIFICATIONS 
SW HOST 


CPU 
Z80 CPU and Z80A Emulator CPU 


Memory 
64K bytes (3K EPROM, IK static RAM, 
60K dynamic RAM) 


Word Size 

8 bits (1 byte) 

Clock Rate 

2.5 MHz crystal-controlled 


Interrupts 
Three modes including vectored, 
nonvectored and nonmaskable 


Option Card Slots 

Five (5) 

Floppy Disk Storage 

Capacity 300,000 bytes/drive 
Type Single-sided, single 


density, hard-sectored 


600,000 bytes 
(dual drives) 


Maximum Capacity 


Transfer Rate 260K b/s 
Average Latency 83 ms 
Track-to-Track Seek 10 ms 


Average Access Time 250 ms 
Physical Sectors 32 sectors/track, 


77 tracks 
ORDERING INFORMATION 
Part No. 


05-6013-05 
07-3002-01 


Description 


IN-CIRCUIT EMULATOR 


Clock Rate 4 MHz 
Trigger Break on address 
Real-time trace 256 x 36 bits wide, 
module high-speed static RAM 
Emulation cable 6 ft. 
(ancluding pod) (1.82 m) 
PHYSICAL 
System 
Height Width Depth Weight 
10.0 in. 19.0 in. 16.0in. 35.0 lbs. 
(25.4 cm) (48.3 cm) (40.6 cm) (15.9 kg) 
Disk Unit 
Height Width Depth Weight 
10.0 in. 19.0 in. 16.01in. 35.0 lbs. 
(25.4 cm) (48.3cm) (40.6 cm) (15.9 kg) 


ZDS-1/40 Development System (60 Hz) 
ZDS-1/40 RIO Development System (50 Hz) 


POWER 
System 
Frequency Voltage Current 
50 Hz 110 Vac 16 A 
50 Hz 220 Vac 0.7A 
60 Hz 110 Vac te a 2 
Disk Unit 
Frequency Voltage Current 
50 Hz 110 Vac LSA 
50:Hz 220 Vac O.7A 
60 Hz 110 Vac LSA 
ENVIRONMENTAL 
Operating Storage Relative 
Temperature Temperature Humidity 
0° to 40°C 0° to 85°C 20 to 80% 
noncondensing 


OF/1-SaZ 


ZILOG ANALYZER PACKAGE (ZAP) 
EMULATION SOFTWARE 


Product Overview. The Zilog Analyzer 
Program 1s a sophisticated software 
module used to operate the emulation 
hardware of the ZDS-1/40 Development 
System. ZAP provides full control over 
the emulation hardware for quick and 
easy debugging of Z80- and Z80A- 
based designs. This module allows the 
user to inspect the microprocessor and 
to interact with the prototype system. 
The registers, user or system memory, 
and I/O ports may be interrogated and 
controlled. Control of program execu- 
tion, interrupt, and Direct Memory 
Access (DMA) activity is also provided. 
These features, combined with full sym- 
bolic debugging and disaaembly cap- 
ability, provide powerful debugging 
tools for the Z80 microprocessor. 
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Functional Description. The Zilog 
Analyzer Program is a disk-resident 
program used to control the Z80/Z80A 
emulation hardware of the ZDS-1/40 
Development System. It provides an 
interface between a command source 
and the emulation hardware. Com- 
mands may therefore be supplied from 
the disk file system (command file), 
system console device or a control pro- 
gram. This provides flexibility in hard- 
ware debugging as well as testing 
applications. 

ZAP provides a complete spectrum of 
commands and data formats to enable 
prototype hardware and software to be 
guickly integrated and debugged. A 
simple command syntax, using abbre- 
viated command words, provides visi- 
bility into the Z80’s registers, user 
memory, system memory, user I/O 
ports, and CPU status. Microprocessor 
registers may be displayed and altered 
individually, or the complete register 
set may be displayed. Commands for 
accessing user or system memory 
include FILL, SET, DISPLAY, and 
ALTER. A block compare command 1s 
also provided for comparison of a 
given string with memory. All memory 
data may be disassembled to reflect the 
actual source code mnemonics and 
symbolic references 1f the symbol table 
for the code 1s available. 


Emulator Start/Stop Control. The use 
of ZAP and the ZDS-1/40 emulation 
hardware allows the user to control the 
start up and shut down of the Z80A 
Emulator CPU. Emulation is initiated 
by the GO command and continues 
until one of the following conditions 
occurs: 


M One of eight different software 
breakpoints 1s encountered 


@ Hardware breakpoint compare 


@ Operator intervention (manual 
break) 


@ Bad clock detection (in target 
system) 


@ Non-existent memory access 


@ Write-protect violation 
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The user may select single step or 
multi-step execution of the program 
under test. This enables the registers to 
be examined after each step operation. 
In multi-step mode a group of instruc- 
tions may be executed 1n real time. 
Any group of up to 255 instructions 
may be multi-stepped before stopping 
the emulator. 

Memory Mapping. The memory map- 
ping capabilities of the ZDS-1/40 
Development System are easily manip- 
ulated by ZAP. Blocks of memory, each 
containing 1024 contiguous bytes, may 
be assigned to exist in the user’s 
system, in the development system at 
the normal address, in the development 
system with a translated address, or not 
to exist at all. In addition, these blocks 
of memory may be hardware write- 
protected to assist in the debugging 
task and prevent accidental destruction 
of data. 


+ 


+ 
tL] 4880 IF List Memory starting at address 408) for 31 bytes 


XOR A 
32 36 48 LD (4836), " 
31 7C 40 LD SP, 487C 
6 10 tO 0,10 
PUSH BC 
CD 37 48 CALL 4037 
. of 48 CALL 2, 402E 


18 F6 
06 10 
cS 


CALL 4844 
CALL NZ, 482E 
POP BC 

DINZ 4822 


Disassembly Capability. User memory, 
system memory, and the trace memory 
of the development system may be dis- 
played in the hexadecimal or disassem- 
bled format. In disassembled format, 


the instructions are displayed in both 
hexadecimal machine code and assem- 
bly language mnemonics. 


Symbolic Debugging Capability. Sym- 
bol tables for each program module 
may be loaded individually, or the 
entire symbol table for the program 
may be loaded. The user may define 
local symbols to assist in the debug- 
ging process. 

Symbols are loaded into develop- 
ment system memory and are auto- 
matically hardware write-protected to 
prevent accidental destruction. A maxi- 
mum of 29K bytes of system memory 
may be used for the symbol table: this 
equals approximately 3000 symbols. 
Since development system memory 
may be shared with the user’s proto- 
type system, the maximum symbol 
table size is a function of the number of 
blocks allocated for use in the user's 
prototype hardware. 

The use of symbols in place of 
numeric values in the ZAP command 
syntax, teamed with disassembly, 
enables the user to have an electronic 
listing of the program under test. This 
allows the user to concentrate on the 
debugging task instead of having to 
struggle with the development system 
software. 


Command File Capability. The Zilog 
Analyzer Program is structured to 
accept command input from several 
sources: console, file, or program. This 
capability is important in the debug- 
ging process, the training process, and 
even the manufacturing test process. 

In the debugging process, commonly 
used commands for establishing the 
memory map, enabling interrupts, and 


+ 
+L LIMIT fF List Memory starting with symbol IMIT for 31 bytes 


INIT 


START 
LOOP! 


NEXT 
LOOP? 


CALL NZ, ERCOOE 
POP BC 
DINZ LOOP2 


loading program modules may be 
placed 1n a disk file and executed. This 
allows a series of necessary operations 
to be performed with a minimum 
number of keystrokes. It also insures 
that the system will be initialized the 
same way, no matter how many indivi- 
duals are using the system. 

The same technique may be used for 
training new users of the ZAP com- 
mand structures. Tutorial files can be 
created to execute the various system 
commands and illustrate the results. An 
example of this is ZAP TUTOR, a soft- 
ware training package included with 
ZAP to acquaint the user with the com- 
mands and their use. 

In a manufacturing test operation, 
the user may create software which for- 
mats command parameters for ZAP and 
pass these using a CALL to ZAP. The 
ZAP software will perform the 
requested operation and return the 
results to the calling program. This 
enables the user to diagnose designs 
using the emulation hardware con- 
trolled by applications software. 
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00-1040-A 


Z80° PLZ 


Product 
Description 


June 1982 


m@ High-Level Procedure-Oriented 
Language Permits Efficient 
Writing of Machine-Independent 
Modules and Programs. 


@ Structured Format for Fast and 
Easy-to-Compile Programs. 


Mm Produces Efficient Code for 
Economical Memory Usage and 
Processing Time. 


@ Simplifies Software Production 
and Maintenance. 


@ Allows Direct or Interpretive 
Execution of Program Modules. 


OVERVIEW 


Z80 PLZ is a family of different pro- 
gramming languages designed to 
satisfy a wide range of microcomputér 
software development requirements. 
The two members of the PLZ family, 
PLZ/SYS and PLZ/ASM, produce object 
code-compatible modules and share 
common control structures and data 
definition facilities. Thus, selective por- 
tions of programs may be written in the 
most appropriate language for the 
specific application and still maintain a 
consistent structure between modules. 


PLZ/SYS is a high-level, procedure- 
oriented language that is syntactically 
similar to PASCAL. It provides a 
medium for writing structured, 
machine-independent programs with a 
minimum of programming effort. 

PLZ/ASM, on the other hand, is a 
structured assembly language that per- 
mits access to the low-level capabilities 
of the processor by mixing assembly 
language and high-level control 
structures. 


FEATURES 
Compiler. The Z80 PLZ/SYS Compiler 


translates source code modules into an 
intermediate stage called Z-code. The 
Z-code modules may then be executed 
interpretively or processed by the code 
generator to produce a machine-code 
object module. 


Code Generator. The Z80 PLZCG 
Code Generator accepts a file of inter- 
mediate Z-code generated by PLZ/SYS 
and produces the corresponding Z80 
machine code as a relocatable object 
module. This file may be linked with 
other modules to form the complete ex- 
ecutable load module. 


Interpreter. The intermediate Z-code 
modules produced by the Z80 PLZ/SYS 


ORDERING INFORMATION 
Part No. Description 
07-3301-01 280 PLZ 


Object Diskette for use 
with PDS 8000/05 and 
PDS 8000/15 


Compiler can be executed interpre- 
tively by ZINTERP. Linking ZINTERP 
with the other modules generated by 
the compiler produces an executable 
load module. 


PLZ/ASM Translator. The PLZ FILTER 
translates a PLZ/ASM source module 
into a file of the corresponding Z80 
Assembler source. This gives the 
Assembler the benefit of logical data 
structure, program flow control, and 
modular program design, in addition to 
its existing features. 


PLZ Linker. The PLZ Linker, PLINK, 
links Z-code, ZINTERP and/or machine 
code modules into a single relocatable 
load module, allowing the user to con- 
trol the overall size and speed of the 
program. 


07-3302-01 Z80 PLZ 
Object Diskette for use 


with ZDS-1 Series 


Although interpretive Z-code runs 
more slowly than machine code, the 
space savings over machine code is 
usually substantial for larger programs 
where the 3K bytes of ZINTERP is a 
small percentage of the entire pro- 
gram. By balancing the number of 
Z-code and machine code modules, the 
user can maximize the efficiency of a 
particular program. 

PLINK resolves any external refer- 
ences between separately assembled 
modules, so that the load module pro- 
duced is relocatable. It also allows the 
reordering and combining of named 
sections between modules and supports 
incremental linking. 


07-3303-01 Z80 PLZ 
Object Cartridge Disk 
for use with PDS 8000/20 


and PDS 8000/30 


Z'Id 08Z 


PLZ/SYS PLZ/ASM 
SOURCE SOURCE 


PLZISYS FILTER 


INTER MEDIATE OBJECT OBJECT 
MODULE MODULE aE MODULE Eten 


PLINK 


PROCEDURE 
FILE 


Figure 1. Z80 PLZ Language Modules. 
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620 00-1043-A 


RIO Electric 
Blackboard’ 


y 
“Me 


Product 


B 
Zilog Brief 
February 1982 
Features @ Full-screen text editor @ Multiple windows on screen: 
@ Simple, easy-to-remember commands O Same file may be shared by two or more 
™@ Edits any size file windows 
m Provides automatic file backup O Screen can be divided horizontally and 
vertically 
@ Easily reconfigured for any CRT 
sf ” J O Text may be moved between windows 
Description The RIO Electric Blackboard is a dependent text editor - with its own tab set- 


sophisticated multi-window, full-screen text 
editor. The Electric Blackboard allows the user 
to divide the CRT screen into horizontal and 
vertical “windows.” Because all editing is done 
directly to the text on the screen, the results 
are seen immediately. 


Multiple Windows. A window acts as an in- 


PRAGMA symbolic trace ( dynamic ); 


PACKAGE day stuff JS 
TYPE day IS ( Sunday, Monday, Tuesday, 
SUBTYPE billing day IS day ( Monday, W 
two week delay: CONSTANT INTEGER := 14 
END day stuff; 


GENERIC ( TYPE any date; 


FUNCTION day of week ( d: 
FUNCTION add days ( d: any d 
FUNCTION billing date ( d: any date ) RET 
-- This function is used to enforce t 
~- all types of date represent ations 
day of date: day; 
nt zy INTEGER := 0; 


Dear Ada, 


tings, page sizes, cursor position (and so 
forth). The Electric Blackboard allows the 
screen to be divided into horizontal and ver- 
tical windows. Windows can be as narrow as 
one column and as thin as one line. As many 
as ten windows can be displayed on the screen 
at the same time. 


Both horizontal and 
vertical windows 


Cut text from one 
window and paste 
it into another 


Having a great time. Wish you were 


programming here. 


:= day of week ( d ); 
_ day of date NOT IN billing day 
count := count + 13 x 
If day of date + day'LAST THEN 
day of date := day'FIRST; 
ELSES * es © 
day of date := SUCC( day of d 


View and edit many 
files simultaneously 


bug in it. 


By the way, your billing program has a 
I think its a type coercion 
problem in your new language. Let me 
know what you think. 


love, C.B. 


Figure 1. Three windows looking at three files: A program, a spec and a trouble report. 


*Electric Blackboard 1s the trademark of Santa Cruz Software Services. 


621 


preoqypelg 212917 OW 


Description 
(Continued) 


The same file may be shared by two or more 
windows. This is useful when two physically 
separate but logically connected pieces of text 
in the same file are to be edited or viewed 
simultaneously. Text can be moved or copied 
within or between windows allowing text and 
figures to be easily rearranged. 


Find and Replace Strings. The next or 
previous occurrence of characters can be 
found or replaced with another string. Strings 
can also be repeatedly found and selectively 
replaced. 


Simple, Easy-to-Remember Commands. The 
Electric Blackboard supports a command mode 
with English-list mnemonics. See Table 1 for 
available commands. 


Saves Keystrokes. At any time during an 
editing session the user can record the exact 
keystrokes that are being typed. Later the 
recorded keystrokes can be executed. Once 
keystrokes have been recorded they can also 


Function Command 
Single Key Commands 
Delete previous character RUB Key 
Move cursor to next line RETURN Key 
Terminate execution BREAK Key 
Move cursor tl — + Keys 
Move cursor to home position HOME Key 
Move cursor to next tab stop TAB Key 
Escape Key Commands 

Cursor Control 

Insert Character IC 

Delete Character DC 

Replace Character RC 

Insert Lines IL 

Delete Lines DL 

Replace Lines RL 

Set Margin SM 

Reset Margin RM 
Marking Text 

Insert Mark Begin IMB 

Insert Mark End IME 

Delete Marks DM 
Erasing Text 

Erase Workspace EW 

Erase Marked Text EM 

Erase Box EB 
Inserting and Deleting Windows 

Insert Window IW 

Insert Window Horizontally IH 

Insert Window Vertically IV 


be saved as a file on disk for later use—thus 
libraries of prerecorded procedures can be 
built. 


Edits Large Files. The length of a text file is 
limited only by the amount of space on the 
disk. The Electric Blackboard automatically 
manages memory for large files. As a window 
is moved through a file, those parts of the file 
that are needed are read in from the disk. 


Automatic File Backup. Each time a file is 
saved, the previous version of the file is saved 
as a back-up file. In addition, the original disk 
image of the file being edited is not modified 
until the file is saved. 


Easily Reconfigured for a Wide Range of 
CRTs. The Infoton 200, ADM 3, and ADM 31 
CRTs are supported by Zilog. However, a dif- 
ferent CRT may be used with the Electric 
Blackboard simply by making the appropriate 
changes to the configuration package. 


Function Command 
Escape Key Commands (continued) 
Moving Text 
Move Marked Text MM 
Move Box MB 
Move Workspace MW 
Copy Marked Text CM 
Copy Box of Text CB 
Copy Workspace CW 
Loading, Saving and Sharing Files 
Load File LF 
Save File SF 
Use File UF 
Use Option UO 
Use Window UW 
Finding and Replacing Strings 
Find Next FN 
Find Previous FP 
Replace Next RN 
Replace Previous RP 
Replace Repeat Next RRN 
Replace Repeat Previous RRP 
Managing Keystrokes 
Load Keystrokes LK 
Save Keystrokes SK 
Delete Keystroke workspace DK 
eXecute Keystroke workspace XK 
eXecute File XF 


Table 1. Electric Blackboard Commands 
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00-2227-01 


Z8° Development 
Module 


Zilog 


Product 
Description 


June 1982 


@ Two Z8-02 Devices Offer Complete 
Configuration Choice for Any 
Application. 


@ 2048 Bytes Static RAM for Con- 
venient Execution and Debug of 
User Code. 


@ On-board 2716 Socket to Test User 
Code in EPROM Without Addi- 
tional Hardware. 


@ As Many as 2048 Hardware Break- 
points on Address Compare Cover 
the Entire Internal ROM Space. 


@ Versatile Monitor Software for 
Debugging, Register and Memory 
Manipulation, and File Upload 
and Download. 


@ ‘Transparent’ Operation Allows 
Software Development Without 
Disconnecting from CRT and Host. 
Industry-Standard Interface Com- 
patible with Most CRT Terminals 
and Development Hosts. 


@ Wire-Wrap Area for Prototyping. 


a INGON ‘Add 8Z 


OVERVIEW 


The Z8 Development Module is a 
single-board microcomputer system 
specifically designed to assist in the 
development and evaluation of hard- 
ware and software designs based on the 
Z8 microcomputer. It allows system 
prototyping in hardware with the Z8-02 
prototyping device, thereby developing 
code that will eventually be mask pro- 
grammed into the Z8 on-chip ROM. 

Two Z8-02 devices on the Z8 Devel- 
opment Module provide flexibility: one 
serves as a controller while the other 1s 
totally user-definable. All user ports on 
the second Z8-02 are unconfigured and 
available to suit any application. 

To simulate the final mask-program- 
med version on which user code 


resides, 2048 bytes of high-speed static 
RAM are available for executing and 
debugging code. An on-board EPROM 
socket allows the user to substitute 
EPROM for static RAM. This enables 
the user to test PROM after software 
development and debug without build- 
ing special hardware. 

The EPROM-resident monitor soft- 
ware offers debugging features, 
register and memory manipulation, as 
well as a convenient means to upload 
and download software between the 
host and user RAM space. 

The Development Module connects 
to the CRT terminal and host system 
via two on-board standard RS-232C 
serial ports and 1s physically located 


between the CRT and host. A simple 
command makes the Development 
Module transparent 1n the serial path to 
allow software development without 
disconnecting from the CRT and host. 

The Development Module can 
operate stand-alone for simple debug- 
ging operations or it can interface 
directly to a host development system 
such as the Zilog ZDS-1 or PDS 8000™ 
Series for software development and 
file storage. 

Twenty square inches of wire-wrap 
area with conveniently located 5 V and 
ground points are provided near the 
user Z8-02 for prototyping. 


FUNCTIONAL DESCRIPTION 


Hardware. Two Z8 microcomputer 
units designated the Monitor MCU and 
User MCU are at the heart of the Z8 
Development Module. The Monitor 
MCU controls operation of the User 
MCU and the monitor/debug software. 
The monitor/debugger resides in 4K 
bytes of EPROM. Hardware breakpoint 
logic provides a maximum of 2048 
breakpoints. Single stepping and soft- 
ware trace capabilities are also 
available. 

The User MCU is a Z8-02 controlled 
by the Monitor MCU via internal 
address/data and control lines brought 
out to external pins. This effectively 


leaves all ports on the User MCU 
unconfigured and available to the user. 
The 2K bytes of static RAM on the 
‘internal’ bus are for user code that 
may be executed by the User MCU. 
Execution is in real time at full pro- 
cessor speed. Both MCUs utilize 

7.4 MHz crystal oscillators, the outputs 
of which are divided internally to pro- 
vide 3.7 MHz clocks. 

In addition to wire-wrap area, a 
40-pin header (3M type 3495-1002) for 
the User Z8 can connect to a ribbon 
cable with a 40-pin plug that may plug 
into a target system. Bus driver logic 
may be added on the wire-wrap area 


for basic emulation capability. Two 
switches, ‘Mode’ and ‘Reset’, provide a 
means to re-enter the Monitor and 
reinitialize the system, respectively. 
Baud rate from 110 to 19200 may be 
selected with an on-board 4-element 
DIP switch. 


Software. The monitor/debug pro- 
gram, residing in 4096 bytes of 
EPROM, includes debug, input/output, 
control and host interface commands. 
The commands are grouped into four 
major functional blocks: monitor, 
debug, manipulation and file 
commands. 


Z8 Development Module conveniently connects to both the CRT and PDS 8000 Development System. 


Monitor Commands. This group of commands controls 
execution of the User MCU, monitors user interrupts and 
transfers controls from the monitor to the host system. 


GO <ADDRESS> 


Causes User MCU to execute pro- 
gram disallowing further debug 


ROM space. 


until a BREAK or HALT command 


is encountered. 


HALT 
User MCU. 


QUIT 


KILL [< ADDRESS> ] 


Halts program execution of the 


JUMP < ADDRESS> 
Returns control to the host system 


and enters the ‘transparent’ mode. 


INTERRUPTS [E/D] 


Enables or disables all user 


generated interrupts. Note: All 


user interrupts are automatically 


NEXT [<n>] 


disabled when a breakpoint is 
encountered. It 1s necessary to 


reenable such interrupts by this 


command. 


TRACE 


BREAK < ADDRESS> 


Debug Commands. This group of commands allows the user 
to debug code by tracing through code and setting break- 
points and jumps to specified locations within the ‘internal’ 


Sets a breakpoint at the specified 
address. 


Clears the breakpoint at the 
specified address. 


Allows the User MCU to jump to a 
specified address anywhere within 
the internal ROM space, by chang- 
ing the value of the program 
counter. 


Causes execution of n instructions 
of the User MCU and then halts 
the User MCU. 


Causes single step execution of the 
User MCU. Every instruction 
executed is output to the console. 
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Z8 Development Module Block Diagram 
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Manipulation Commands. The manipulation commands 
display and alter registers and memory. This group may be 
subdivided into two categories: register manipulation and 


memory manipulation. 
Register Manipulation 


REGISTER [< REG 
NUMBER>] [<NEW 
REG VALUE> ]] 


WORKING REGISTERS 


PHILL <STARTING 
REGISTER> <NUMBER 
OF REGISTERS> 
[<DATA BYTES> ] 


Memory Manipulation 


DISPLAY [< STARTING 
ADDRESS >[<n>]] 


SET <ADDRESS> 
< LENGTH> 
[<DATA BYTES> ] 


FILL <STARTING 
ADDRESS> 

< LENGTH> 
[<DATA BYTES>] 


100/ 001 


Allows examination and modifica- 
tion of the User MCU registers. 


Displays contents of the 16 working 
registers of the User MCU. 


Stores the sequence of DATA 
BYTES into User MCU registers 
beginning at the STARTING 
REGISTER and is copied as many 
times as necessary for the 
NUMBER OF REGISTERS 
specified. 


Allows display and modification of 
user memory contents for n 
number of bytes. 


Allows a sequence of data bytes 
beginning at the ADDRESS speci- 
fied to be written into user 
memory. 


Stores the sequence of DATA 
BYTES into user memory begin- 
ning at the starting ADDRESS and 
is copied as many times as 
necessary for the LENGTH 
specified. 


MOVE <SOURCE 
ADDRESS> 
< DESTINATION 


ADDRESS>[<n>] 


COMPARE 
< ADDRESS 1> 


< ADDRESS 2>[<n>] 


Moves contents of a user memory 
block from a source address to a 
destination address for a length 
of n bytes. 


Compares two blocks of user 
memory data, one beginning at 
ADDRESS 1 and the other at 
ADDRESS 2 for n bytes. 


File Commands. The File group enables the user to upload 
and download programs to and from the host system. 


LOAD 
< FILE NAME> 


UPLOAD 
< FILE NAME> 
< ADDRESS 1> 


< NUMBER OF BYTES> 
[<ENTRY ADDRESS> ] 


Downloads a file to user memory 
starting at the low address of the 
file and continuing until the entire 
file is transferred. 


Creates a RIO file image of user 
memory, beginning at ADDRESS 
1, creating default length records, 
and imaging memory for the 
specified number of bytes. 


Note: The following notation is used in the command descrip- 


tion. 


<> Enclose descriptive names for the 
quantities to be entered, and are not 
actually entered as part of the 


command. 


Denote optional entries in the com- 


mand syntax. 


Denotes “or.” 
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SPECIFICATIONS 


Central Processor Input/Output Power 
Monitor MCU  Z8-02 (64-pin package) Two RS-232C ports to CRT terminal and +5V,14A 
ee nee oe package) host system Physical 
Dex Hales. z Baud Rate Wire Wrap 20 sq. in 0.036” dia. 
Memory Switch selectable from 110 to 19200 baud Area plated-through holes 


Monntor: 4K bytes of EPROM on 3/32 in. centers 


Breakpoint 


User: 2K bytes of static RAM Height 1.75 in. (4.76 cm), 

User Wired socket for EPROM to seeah ara oe aR SETAE AGL including standoffs 
substitute for static RAM BP Y Width 14.5 in. (35.6 cm) 
Control Depth 11.0 in. (29.9 cm) 


Mode and Reset switches 


ORDERING INFORMATION 


Part No. Description 

05-6158-01 Z8 Development Module. 
Includes one serial inter- 
face ribbon cable and 
reference manual. 


Systems recommended for use with above: 
Description Prerequisites 
ZDS-1 Series Development Systems Z8 Software Development Package 


PDS-8000 Series Development Z8 Software Development Package 
Systems 
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28° Software 


Development Package 


I 


Zilog 


Product 
Description 


M@ Structured Assembly Language 
with High-Level Constructs. 


@ Relocatable and Absolute Object 
Code Format. 


@ Free Format Statements Allow 
Indentation and Spacing for 
Readability. 


@ External Symbol References. 
™@ Global Symbol Definitions. 


OVERVIEW 


The Z8 Software Development 
Package consists of five utility pro- 
grams which aid and simplify software 
development for Z8-based systems. Z8 
PLZ/ASM, part of Zilog's PLZ family, 
brings all the advantages of modular 
programming to Z8 software develop- 
ment. The programming task can be 
broken into easily managed modules, 
giving more work assignment options to 
the engineering manager and a clear- 
cut structure to the individual program- 
mer. The Z8 linker completes the task 
by combining the modules and resolv- 
ing any external references. 


June 1982 


FEATURES 
Assembler. The Z8 PLZ/ASM 


Assembler translates easy-to-read, free- 
format PLZ/ASM source programs to 
object code. Because the user may 
specify that either absolute or 
relocatable object code be produced, 
he may choose a memory location for 
the program or leave that responsibility 
to the Linker. The Z8 PLZ/ASM 
Assembler produces a listing file con- 
taining both the source and assembled 
code. 

Z8 PLZ/ASM allows an efficient mix 
of powerful assembly language 
mnemonics with high-level control 
structures such as IF... THEN... 
ELSE... FI and DO... OD loops. 
The PLZ/ASM programmer may map 
instructions and information into the 
Z8's register, program and data 
memory spaces, and organize the data 
space with such data declarations as 
RECORDS and ARRAYS. The 
PLZ/ASM Assembler supports external 
symbol references and global symbol 
definitions and 1s fully supported by 
the RIOM™ operating system. 


ZLINK. ZLINK links assembled modules 
into a single relocatable module and 
resolves any external references among 


separately assembled modules. It can 
also reorder and combine named sec- 
tions found in the input assembly 
language modules. ZLINK accepts a 
symbolic specification of 

the program entry point in the com- 
mand line and, on request, produces a 
detailed link map which gives the loca- 
tions of global references and relocated 
modules and sections. Errors in the 
linking process are reported 1n the 
optional link map and at the system 
console. 


Imager. IMAGER accepts multiple 
linked-object files from the linker and 
translates them into absolute code. 
IMAGER can then either store the 
absolute code in a disk file or leave it 
in system memory. Named sections 
found in the input object modules may 
be reordered and loaded anywhere in 
system memory. 


Program Transfer. LOAD/SEND 
downloads an absolute program file 
into the Z8 Development Module for 
debugging, then sends 1t back to the 
disk for back-up and storage. 


Prom Programming. Z-PROG stores 
the perfected load module in PROM. 


ORDERING INFORMATION 


Prerequisites: 
PDS 8000 Series 
ZDS 1/40 or 1/25 
MCZ-1 Series 
RIO 


Part No. 
07-0086-01 


Description 


Z8 Software Develop- 
ment Package 

Object Cartridge Disk 
for Use with PDS 
8000/20A 


Z8 Software Develop- 
ment Package 

Object Diskette for Use 
with PDS 8000/5 and 
PDS 8000/15 


07-3361-01 


Part No. Description 

07-3362-01 Z8 Software Develop- 
ment Package 
Object Diskette for Use 
with ZDS-1 Series 

07-3363-01 Z8 Software Develop- 


ment Package 

Object Cartridge Disk 
for Use with PDS 
8000/20 and PDS 
8000/30 
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Zilog Technical Training 


Time and money are precious commodities in the 1980's. At 
Zilog, our wide range of innovative components and systems 
helps you get the edge on your competitors by reducing both 
system design time and costs. Zilog’s Training and Education 
Department can help you by saving on those costly hours 
spent getting up to speed. 


Zilog offers sophisticated microcomputer products in every 
form—microprocessor components, OEM Boards, development 
systems, powerful general purpose systems; and to give you 
the knowledge necessary to take full advantage of these pro- 
ducts, we offer thorough training and programs geared to the 
needs of the individuals. 


Zilog offers you the path through the state of the art training 
courses via an informal, hands-on, interactive approach that 
takes you where you need to be, up to speed, in the quickest, 
most efficient way. Each course enhances your ability to use 
individual Zilog products effectively. You will get all the infor- 
mation you want and need. 


The Zilog Training and Education Department is offering an 
exceptionally wide range of courses in 1982. This catalog 
describes your path through the state of the art technical train- 
ing in detail. 
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Location 


Zilog Training and Education 
General Information 


The Zilog Training Center is located at: 


1315 Dell Avenue 
Building C 

Campbell, CA. 95008 
Telephone: (408) 370-8000 


Ask for the Training and Education Department. 


Registration 


. Enrollment in any of the classes listed in the catalog may be 


accomplished by contacting the Training and Education 
Department at the above location. 


After the Training and Education Department has received 
your purchase order or advance payment, written confirmation 
of your registration will be provided, along with local hotel in- 
formation and directions to the Training Center. 


The Training and Education Department requests you register 
well in advance of the course date, as Zilog classes are well at- 
tended and enrollment is limited. If the purchase order or pay- 
ment has not been received at least two weeks before the start 
of the class, your reservations will not be guaranteed. Pay- 
ment, in the form of a confirming purchase order, check or 
money order, must be received by the Training Department 
prior to being admitted into the class. This must be ac- 
complished before the start of class on the first day. 


Discount 


The Training and Education Department offers a 10% discount 
to companies with three or more employees attending a 
regularly scheduled class. 


The Training and Education Department also offers a 10% dis- 
count to companies with an employee attending three or more 
consecutive regularly scheduled classes. 


On-Site Classes 


All classes described in this catalog can, by special arrange- 
ment, be presented at your facility. This on-site class is the 
same course provided 1n our regularly scheduled classes. 


The price for an on-site class 1s $8000.00. It includes: 


Training for up to 15 employees. There will be an additional 
charge of $100.00 for each additional employee. 


Training materials. 
One instructor. 
Equipment for hands-on training. 


These courses can also be tailored to meet your needs. These 
tailored on-site classes include the items listed for the standard 
on-site class. However, the price of a tailored course will de- 
pend on each company’s requirements and objectives. 


For further information regarding on-site training, contact the 
Training and Education Department at the above location. 


Training Material 


Instructional aids include student notebooks, appropriate Zilog 
manuals, course notes and worksheets. The training material 1s 
designed to aid in the retention of the material presented as 
well as provide a practical reference after the formal training 
is completed. 


Payment 


Payment for any regularly scheduled class, or an on-site class 
may be made by confirmed company purchase order, check or 
money order made payable to Zilog, Inc. 


Please indicate on the purchase order, and/or the enrollment 
form the name(s) of the individual(s) and the class(es) the 
documents pertain to. 


Cancellation 


Zilog reserves the right to cancel any class. If a class is 
cancelled, all persons registered for that class will be notified 
as soon as possible. 


Cancellation of enrollment received less than two weeks prior 
to the scheduled start of the class, will be subject to a 
cancellation fee equal to one-third of the tuition. 


If a registered student fails to appear for a scheduled class, a 
cancellation fee equal to the full tuition will be charged. 


A cancellation fee of one-third the cost of the on-site class will 
be charged if an on-site class is cancelled, by the customer, 
within 10 days prior to the scheduled start of the class. 


Price 


Zilog reserves the right to change prices at any time without 
notice. Confirmed registrations will be honored at the original 
price. Registrations confirmed by the receipt of a purchase 
order within 30 days of a price change will be honored at the 
original price. 
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Your path through the State of the Art Technical Training for the ‘80s. 
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Microprocessors: 
A General 
Introduction 


This course introduces the world of microprocessors. Length: Three days 
In it you will learn basic microprocessor fundamen- Tuition: $525 
tals and capabilities as well as the basics of microcomputer- 
based design. Some of the topics covered 
include: 

wv What is a microprocessor? 

~ Some fundamental concepts about microprocessors 

y Microprocessor organization 

v Instruction execution 

v Central processing units, memories, support chips 

~w Overview of Zilog products 


A background in digital logic, binary and hex number systems 
is suggested as course prerequisite. 


Z8 Component 
Family 
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The Z8 is Zilog's powerful single-chip, 8-bit microcomputer. Length: Three days 
This seminar is designed for hardware and software develop- Tuition: $525 
ment personnel who are familiar with microcomputer system 
design and who are interested in learning Z8 architecture, 
capabilities, and supporting systems. Some of the topics 
covered are: 

y Z8 architecture and timing 

~ Z8 assembly language programming 

v Interfacing memory and peripheral devices 

v Z8 software development tools 

~ Z8 Development Module and other supporting products 


Designers interested in using the Z8090 UPC Universal 


Peripheral Controller should also attend this seminar, since 
the architecture of the UPC is very similar to that of the Z8. 


A general microcomputer course or equivalent experience is 
suggested as a course prerequisite. 


Z80 Component 
Family 


This basic course on Z80 components is designed for hard- Length: Four days 
ware and software development personnel with a modest Tuition: $695 
background in microprocessors and assembly language pro- 
gramming. This course should be taken by anyone 
interested in effectively using the Z80 family of products. 
Some topics covered are: 

~ Z80 architecture and timing 

~ Z80 assembly language programming 

v Z80 interrupt processing (interfacing non-Zilog 

peripherals) 

v Z80 PIO Parallel I/O Controller 

~ Z80 CTC Counter/Timer Controller 

~v Z80 DMA Direct Memory Access Controller 


This course offers a “hands-on” approach to learning by do- 
ing. As each chip is covered, students measure their progress 
by programming a single-board computer in the laboratory. 


A general microcomputer course or equivalent experience is 
suggested as a course prerequisite. 


Z8000 Component 
Family 


Zilog’s basic course on the Z8000 family of components is Length: Four days 
for hardware and software development personnel who are Tuition: $695 
familiar with microprocessor system design. Anyone interested 
in effectively using the Z8000 family of products should 
take this course. Some of the topics covered include: 

v Z8000 architecture and timing 

v Z8000 assembly language programming 

wv Z8010 MMU Memory Management Unit 

- Z-Bus peripheral interfacing 

- Z8000 peripheral devices (CIO, FIO, SCC, and UPC) 

~ Z8000 software development tools 

 Z8000 Development Module and other support products 


A general microcomputer course or equivalent experience is 
suggested as a course prerequisite. 


ZDS-1/40 
Development 
System 


This seminar describes Z80 emulation using the ZDS-1/40 Length: One day 
development system. Description of the ZDS-1/40 empha- Tuition: $175 
sizes those aspects of the development system that affect the 
emulation process. Some of the topics covered include: 

~v ZDS-1/40 hardware design 

~ Z80 system design hints to aid the emulation process 

v The Zilog Analyzer Program (ZAP) 

v The RIO Hardware Emulation Driver (RHED) 


This course is recommended for designers of Z80 systems 
where the emulation process 1s used as a development tool, as 
well as for engineers who are directly involved in Z80 
emulation. 


A Z80 component class or equivalent Z80 assembly language 
experience is suggested as a course prerequisite. 


EMS 8000 
Emulation System 
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This seminar details the use of the EMS 8000 emulator during 
development and debugging of Z8000-based systems. The 
emulator commands and their operation are fully described. 
The EMS 8000 emulation system is a very powerful develop- 
ment tool for both the hardware and software engineer. Some 
of the topics covered include: 

EMS 8000 hardware design 

Use of triggers as breakpoints or trace qualifiers 
Mapping EMS memory to the target system 
Performance measurements for benchmarking 
applications 

v Link EMS systems for multiprocessor emulations 

vy Building user-definable macros of EMS commands 


YAN A 


This course is recommended for all engineers interested in 
using the EMS 8000 Emulation System to analyze and debug 
Z8000-based systems. The Z8000 Components family course or 
equivalent experience 1s recommended as a prerequisite. 


MCZ1/ZDS 


SPACEY 


The needs of both the new Zilog system user and the experi- Length: Four days 
enced designer are met in this Z80-based systems course. Tuition: $695 
The full range of MCZ-1 and ZDS microcomputer systems is 
described. Emphasis 1s placed on RIO, the Zilog operating 
system. Some topics covered are: 
v MCZ-1/ZDS hardware 
~ Z80 assembler, linker, debugger, editor 
vy Advanced debugging techniques (symbolic 
debugging ZBUG and NBUG) 
Elements of RIO-the MCZ-1/ZDS operating system 
RIO structure-making system calls 
RIO floppy disk driver-ZDOS 


Device drivers-printers, consoles 


An ee OY 


This course provides a “hands-on” approach to learning by 
doing. As each portion of the operating system is covered in 
lecture, students can measure their progress by writing their 
own programs in class. 


A Z80 component class or equivalent Z80 assembly language 
experience is suggested as a course prerequisite. 


MCZ-2 Systems 


This Z80A-based systems course introduces the systems user Length: Four days 
to MCZ-2 local network microcomputer systems architecture Tuition: $695 
and operation. The full range of MCZ-2 systems is described, 
with emphasis placed on RIO/CP, Zilog’s multi-tasking 
operating system. Some topics covered are: 
- RIO/CP (Concurrent Processing) multitasking operating 
system 
vx MCZ-2 System Kernel-dispatcher for multitasking 
environment 
v RIO floppy disk driver-FFS 
~ COBOL calls to the operating system. 
wv Z-Net philosophy and local networking concepts 


A Z80 component class or equivalent Z80 assembly language 
experience is suggested as a course prerequisite. 
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ZEUS/System 8000 The ZEUS/System 8000 operating system user course covers Length: Five days 
Users features of the powerful multiuser multitasking ZEUS Tuition: $875 
Operating System. (Zilog’s enhancement of UNIX* Version 
VII). It is designed for persons with little or no knowledge 
about ZEUS. Some topics covered are: 
wv Hierarchical file system 
~ C shell command language and procedures 
~ ZEUS source code control system 
wv ZEUS screen editor 
~ Text and document processing 
~ Software development using ZEUS 


This course provides the student with lab exercises to supple- 
ment the lecture session. Some previous programming or 
systems experience is recommended but is not a prerequisite 
for this course. 


ZEUS/System 8000 The ZEUS/System 8000 systems administrator course is Length: Two days 
System Administrator designed for persons responsible for maintaining the Tuition: $350 
ZEUS Operating System. Some of the topics covered are: 

» Role of the systems administrator 

~ System organization 

v System startup 

~ File system checking and repair 

v Adding users to the system 

~ Commands available to the administrator 


A working knowledge of the ZEUS Operating System, or 
equivalent, 1s suggested as a course prerequisite. 
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Z80 
Assembly 
Language 


This seminar 1s for programmers needing to learn the Z80 low 
level assembly programming language. The course includes 
class presentation and hands-on programming labs that allow 
the students to write their own assembly language programs. 
Some of the topics covered are: 

~ Language structure and syntax 
Z80 instruction set 
Z80 CPU flag and register utilization 
Macros 
Subroutines 
System calls to the RIO operating system 


ae a en 


It is suggested that attendees to this seminar have some 
previous programming experience. 


PLZ/SYS 
Programming 


The PLZ programming seminar is for programmers who Length: Four days 
need language tools that permit methodical and well- Tuition: $695 
organized programs. PLZ, Zilog’s Pascal-like language, 

includes the PLZ/SYS (high level, user-oriented) and 

PLZ/ASM (a structured assembly language) elements. 

Some topics covered in this seminar are: 

Program structure 

Data types-simple and structured 

Recursive programming 

Pointers and linked lists 

System I/O calls 

Comparison of programming languages 

Protocols for communicating with other languages 


The PLZ symbolic Debugging Tool (PDT) 


An Sk ee 


C Programming 


The C programming course is for programmers interested Length: Four days 
in learning C, a high-level systems programming language. Tuition: $695 
The course includes class presentation and hands-on program- 
ming labs that allow students to write their own C pro- 
grams on an System 8000 system. Some topics covered are: 
v Program structure 
Data types, data structures, and pointers 
Program flow control 
Program development on the System 8000 system 
System calls to the ZEUS Operating System 


Some high-level language programming experience is sug- 
gested as a course prerequisite. 
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